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THE INSECT EN EMIES OP THE 
COTTON BOLL WEEVIL. 


INTEODTOTIOir. 

When the cotton boU weevil first entered the United States it 
appeared to have almost undisputed sway. It did, in fact, escape 
most of its enemies. But whether parasites were introduced with it 
or not, we now know that within the first tlu’ce years of its existence in 
Te.xas it was attacked by three important species of parasites. Year 
after year new factors in its control are becoming apparent, although 
some have probably been concerned since the be^nning. On the other 
hand, it is certain that entirely new elements are entering the struggle 
as rapidly as the weevil enters new biological complexes. Among the 
most striking of the.se new elements in the control is the recent adjust- 
ment of Mierodontomerm anthonomi Crawford (fig. 9, p. 49) . This spe- 
cies was unknown until 1906 when a very few were taken in material 
I'oarcd at Cuero, Goliad, Hallettsvillc, Victoria, and Waco, Tex. 
hi 1907 it was found to predominate in a portion of central Texas. 
In 1908 its range was found to extend northward to the Red River, 
[n 1909 it was found as far east as the Mississippi River in Louisiana. 
Only a single record of the occurrence of Sigal-phus curculionis Fitch 
{fig. 11, p. 53), the common parasite of the plum curculio, had been 
made prior to 1908. In that year it began to make its presence felt 
in northeastern Loui.siana and western Mississippi. In 1908 a new 
chalcidoid parasite, recently described as I'etrastichus /imteri Crawford, 
was found to be the leading parasite of the boU weevil in northern 
Louisiana and western. {Mississippi. In 1909 this species was found 
as far west as Arlington, Tex. 

With the advent of each new enemy and its more complete adjust- 
ment, the power for damage possessed by the weevil is by so much 
diminished. On the other hand, every factor wliich checks these 
enemies without also checking the weevil benefits the weevil. 

If the solution of the boll-weevil problem consisted merely m adding, 
one by one, factors wliich would cut off a given percentage of the 
weevils, the time would not be distant when that might be accom- 
plished. The problem is far more complicated. The various factors 
do not discriminate against one another, for while heat, ants, cold 
weather, and excessive moisture may remove many parasites from 
the struggle, it also Mows that heat, cold weather, heavy rains, 
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predators, and other pests remove many ants. Proliferated plant 
tissue frequently acts as an important check upon the weevil, and yet 
in many cases it serves as a food for the weevil rather than as a con- 
trolling force. Moist weather aids the weevil. The leaf-worm, while 
cutting off most of the weevil food, finally is checked by parasites. 
Light, heat, and dryness favor certain parasites, whereas shade and 
moisture favor others. Parasites that are normally primary frj, 
qucntly waste their energies by accidentally becoming secondary, 
and normally secondary parasites, and probably tertiary as well, also 
enter the consideration. Predatoiy enemies fail to distinguish the 
parasites from the weevils, but are in turn held in check by their own 
enemies. The birds devour weevils, predators, and parasites, but 
they in turn are kept down by other birds and even man himsell, 
and thus the complexity grows. 

There are 49 species of insects which attack the immature stages ol 
the boll weevil. Of these insects 29 species may be classed as para- 
sitic, 5 as predatory larvae, and 15 as predatory adults. They are 
divided among the orders, with 3 in the Acarina, 4 in Coleoptera, 36 
in Hymenoptera, 5 in Diptera, and 1 in Lepidoptera. One of the 
acarians, 1 coleopteron, 15 Hymenoptera, and 1 dipteron, may be 
considered as quite important. A weighted average mortality of 
3.93 per cent of all immature stages may be accredited to the com- 
bined factors of all para.sitic enemies; the predators are responsible 
for 15.93 per cent, while climate is responsible for 24.45 per cent, and 
plant proliferation 12.42 per cent. This makes the total natural 
control of immature stages 56.73 per cent. 

In addition to the insects attacking the boll weevils in the squares, 
there must be considered the insects which prey on the adults. Those 
include, one praying mantis, one predaceous bug, two beetles, and 
two ants — six species in all. 

This bulletin is not coucemed with the mortality of the weevils 
after they become adult because reliable figures can not be gathered 
upon this point. It is certain that many weevils fall prey to preda- 
ceous insects and to birds, and the well-known habits of the hornod 
lizard would include it in the list of possible enemies. The important 
fact is that 56 per cent of the weevil eggs fail to produce adult weevils. 
The remainder is still a formidable number but the many adverse 
influences continue to operate upon the adults and likewise upon 
their progeny. 

CONDUCT OF THE PABASITE PBOJECT. 

The investigation of the insect enemies of the cotton boll weevS 
was initiated in 1905. It has been conducted from the beginning by 
the senior author under the direction of Mr. W. D. Hunter, and witi 
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the direct influence and encouragement of Dr. L. 0. Howard Chief 
of the Bureau of Entomology. Messrs. R. A. Cushman and’ C. E. 
Hood have been intimately associated in the preparation of the 
material for this bulletin since 1907. The collecting, examining, and 
recording of the immense mass of material has involved in addition 
the services of Messrs, E. A. Schwarz, J. D, Mitchell, W. E. Hinds, 
Wilmon Newell, F. C. Bishopp, A. C. Morgan, F. C. Pratt, C. r! 
Jones, W. W. Yothers, G. D. Smith, A. H. Rosenfeld, H. S. Smith, E. s" 
Tucker, T. C. Barber, S. Goes, C. S. Spooner, C. W. Flynn, T. C Paulsen 
j. A. Hyslop, V. I. Safro, T. E. Holloway, H. Pinkus, W. H. Hoffman! 
F. L. Elliott, and 0. M. Lander. Considerable credit is due Messrs’ 
E. A. Schwarz, J. C. Crawford, W. M. Wheeler, D. W. Coquillett, and 
C. H. T. Townsend for determination of the insects concerned. ’ The 
weevils entering the biological complex have been determined by the 
senior author. In short, 33 entomologists have directly contributed 
the data which are herewith presented. 

HISTORICAL DATA. 

The first definite records of the parasites of the cotton boll weevil 
were made by C. H. T. Townsend in 1895 when he mentioned a small 
hvmenopterous parasite and also recorded the suspicious occurrence 
,it several species of Scymn-us in the squares, and mentioned that a 
fungoid parasite, a species of Cordyceps, “was found growing out of a 
dead pupa in its coll in a boll, November 26, in a field in San Juan 
.lllende, Mexico.” (Townsend, 1895.) In 1901 Profs. Herrera and 
Rangel published notes concerning the parasitic attack of Pedi- 
oMdes ventneosm Newport (fig. 8, p. 46) upon the boll weevil 
(Rangel, 1901b, 1901o). 

In 1 902 Dr. Wm. H. Ashmead described Bruchophagus herrerse from 
Coiihuila, Mex., as a primary parasite of the boll weevil (Ashmead 
1902a, 1902b; Herrera, 1902a). This is pvoh-MyEurytoma tylodermatis 
.Vshmead. _ Prof. Herrera also recorded the activities of a predaceous 
ant, Formica fusca Linn., subspecies subpolita Mayr, variety perpilosa 
Wieeler, (Herrera, 1902b; Wheeler, 1902). In the same year Prof. 
LU .Mally recorded the fact that Rrocon (now Microhracm) meUitor 
l5ay (fig. 12, p. 54) and Eupelmus (now Cerarnhycohius) cyaniceps Ash- 
mead had been rear^ by him, since 1899, in considerable numbers 
rom the boll weevil. He also recorded a species of Eurytoma. 
Olally, 1902.) ^ 

In 1904 Hunter and Hinds recorded additional primary parasites 

lollows: SipoZpAua curcidimis Fitch (fig. 11 , p. 53), Catokccus 
mrtvs Ashmead, Vrosigdphus (robustus Ashmead), Bracon {dorsator 
M.v), and Eurytoma tylodermatis Ashmead, as well as an entomog- 
Mous fungus, Aspergillus (Hunter and Hinds. 19041. The llmsi- 
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galphus has since been described as Vrosigal^hus anihonomi Crawford 
(Crawford, 1907a). 

In 1906 Mr. Nathan Banks described a mite, Tyroglyphus irmcepi^ 
collected at Victoria, Tex., from boll- weevil larv® ®ank3, 1906). 

In 1907 the senior author of this bulletin added Hydnoeera pvbesms 
LeConte as a predaceous enemy of the boll weevil (Pierce, 1907a, 19071), 
1907c). In the same year Dr. Hinds published two papers in which 
the work of Solermpsis gminata Fab. (fig. 16, p. 70), variety xyhni 
McCook, as a predator on the boll weevil was fully discussed, and 
considerable statistical data on the parasitic control of the weevil 
were presented (Hinds, 1907a, 1907b). Mr. Morgan published a 
brief account of the predatory attack of a bug, Apmmerus spissipa 
Say (Morgan, 1907). Mr. J. 0. Crawford described as parasites of 
the boll weevil Torymus anthorumi, JJrosigalplms anthmomi, and 
IJrosigalphis schwarzi (Crawford, 1907a). 

In 1908 the senior author of this report recorded Catolacms anth- 
nomi Ashmead as a boU-weevil parasite and Cathartus cassim Reiche 
(gemellalus Duval) as a predator (Pierce, 1908a, 1908b, 1908c, 1908(11. 
Mr. Crawford described Ceramhycohius mshmani and Catokccus 
hunteri as new' parasites of the boll weevil (Crawford, 1908). During 
the same year two new predaceous enemies of the boll weevil were 
recorded from Louisiana, namely, Evarthrus sodalis LeConte and 
Evarthrus sp. (Newell and Treheame, ,1908). Mr. Townsend, in a 
paper on the muscoidcan flies, recorded Ennymnma glohosa Townsend 
as a parasite of the boll weevil (Townsend, 1908). During 1909 Hr, 
Crawford described Tetrastidus hunteri as a parasite of the boll weevil 
(Crawford, 1909b). 

SCOPE OF PKESENT REPOKT. 

The present report is supplementary to a former bulletin which 
was based on investigations prior to 1907 (Pierce, 1908a). The 
matter contained herein has mainly been gathered during the years 
1907, 1908, and 1909. Only such notes as are of value for the sake of 
comparison have been repeated from the previous report. 

The work is divided into three parts: 

I. The status of the cotton boll weevil and its enemies. 

II. The biological complex. 

III. The economic application. 

PAST I. THE STATUS OF THE COTTON BOLL WEEVIL AND ITS 
ENEMIES. 

Part I of this bulletin shows the large mass of statistical material 
gathered during the four years of the parasite investigation, and 
attempts to place this material in such form as to show its economic 
value and significance. 
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The matter is arranged topically as follows: 

1 . A general chronological study of the insect control of the boll 
weevil. 

2 . The nature and sources of the material examined. 

,3, Seasonal studies of the insect control by class of infested material. 

4. A geographical study of the statistics. 

. 4 . A study of the share of insect control in the mortality of imma- 
ture weevils. 

6. A study of how agriculture modifies insect control. 

7 . Climatic considerations. 

5. How insect .control follows the weevil dispersion. 

0. The status of the boll weevil and its control by insects. 

10. A brief statement of the various classes of control exercised 
upon the weevil. 

n. Practical conclusions derived from statistical studie,s. 


1. A GENERAL CHRONOLOGICAL STUDY OF THE INSECT CONTROL OF 
THE BOLL WEEVIL. 


Records upon parasitic control of the boll weevil begin in July, 
1902, and occur more or less scatteringly until June, 190C. The 
records of 1906 were very extensive, but, as will be shown, they were 
merely preliminary. 

Table I is arranged to show the extent of the exammations made 
since 1002. This table should not be used to compare the records 
of the various years, as the manner of investigation in each year has 
been (hfferent, and the sources of the material have varied greatly. 
The table is only intended to show the total of the examinations and 
luiw these were distributed from year to year. A careful analysis of 
me figures has been given in the various sections of Part I. 


Table control of the boll tveevil, by years. 


1902 



1905, March 

iAi5i August 

m 

iSC;. 

190 ? 

i»9 

Totals and averages. 


Weevil 

stages. 

Preda- 

tors. 

l-am- 

sites. 

Per cent mortality due to— 

Predar 

tors. 

Para- 

sites. 

All 

insDcts. 

602 

819 

1,005 

1,702 

40,073 

13,602 

20,349 

11,653 

(?) 

(?) 

(?) 

(?) 

10,547 

2,279 

3,862 

1,231 

7 

59 

32 

21 

1,728 

1,121 

2,952 

620 

(?) 

(?) 

(?) 

(?) 
26.31 
16.75 
13. 15 
10.56 

1.16 

7.20 

3.18 

1.28 

4.31 
8. 24 
10.05 

5.32 

(?) 

(?) 

(?) 

(?) 

30. 62 
24.99 
23.21) 
15.88 

98,805 


6,540 


^6.61 






iheiahiPiJ hlLH ^ indicating that parasite control has been falling off, because 
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The figures of 1902 are based on the total number of stages reared. 
The datfof 1903 are based on the total number of st^es reared, 

S ude both stages in hanging and faUen forms. There were 6,^ 
sSs in fallen forms of which 14, or 2.14- per cent were paras.t- 
ized and 165 stages in han^g forms of which 45, or 27.27 per cent, 
wer^ parasitized. The figures of 1905 were separated to show the 
investigations of March and August because of the great difference 
in thi Lrtality from parasites in these two months. Between 90 
and 1909 the data represent aU classes of infested material and all 
“flted regions. It wilt be noticed that for the last four years the 
total insecf control of the immature weevils has fluctuated betweea 

15 and 30 per cent. 

2. NATUHE AND SOUKCES OF THE MATERIAL EXAMINED. 

During the four years 1906-1909 examinations of mortality have 
been mal of material coUected at 6 places m T^kansas, 26 m Lotnsi. 

! fi in Mississippi 7 in Oklahoma, and 65 in Texas, making a total 

are based upon 94,677 stages, 

to ving an individual examination of over 222,700 cotton forms 
Cares blooms, and bolls). Many other collections and exam> 
naS were made, but because of incomplete records are excluded 

Xrinrth^r^rtherThas behn the equivalent of examim- 
tions in 176 localities, or an averf^e of 44 localities per year. 

3. SEASONAL STUDIES OF INSECT CONTROL, BY CLASS OF INFESTED 

material. 

Very shortly after the work began in 1906 it became evident that 
the artivity of the parasites and other insect enemies of the weev.l 
was veiy different in squares and boUs, and m fallen or hangm? 
squares^! bolls, and also that the highest control by parasites 

"S—Tof the squares of various varieties of cotton planO 
will show the observer that certain ones have a transverse attachimn 
If t£ peS to^^^ stem. In all cases where this attachmeo . 
nprfpctlv transverse the square when injured by any msect is caub 

s: .Tih, .. a.. ~ s- 

stalk by the growth of an absciss layer at the point of attac 

iPl I L 1- fig. 3, a.) Certain other vaneties indicate a on„d ., 

fnal to tie stem^ men these 

diagonal absciss layer is formed which runs down the stem o 
half to three-fourths of an inch or even more. This layer 
erally incomplete at the lower pomt and consequently the q 
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hangs by a few threads and dries on the plant. (PI. I, fig. 2 ; fig. 3, 6.) 
To these squares and bolls which thus hang, we have applied the 
terms “hanging squares” and “hanging bolls.” 

Tables II and III, which arc arranged to show the monthly per- 
centages of control by parasites, by predators, and by all insects 
illustrate the differences in the control of the weevil in the four 
principal classes of infested material, namely, fallen aqd hanging dry 
squares, and fallen and hanging dry bolls. 

A few words of explanation of these tables are nece.ssary in order 
lu show what is meant by the different clas.ses of mortality. It has 
been found that a large number of stages are destroyed as eggs or 
young larvae by the proliferation of the plant tissues. At the time 
„[ the examination for mortality of the weevil, all evidence of the 
ucGvils destroyed m these stages has disappeared; consequently the 
percentages of mortality given in the following tables are the per- 
centages of stages found which arc killed by the causes enumerated 
and the mortality from proliferation is entirely ignored. ’ 


T.cble n.-Umlhk rrwrtalUy of the Ml ueml ,he to imrti, in fallen squares. 


Month. 

Square* 

* Stagns. 
found. 

Stages killi'tl hv— 

riTcnlageo/Rlaposkilled. 

inod. 

Cli. 

mate. 

Troda- 

tors. 

Para- 

SitM. 

Tofa!. 

I’reda. 

tors. 

' Tara* 
sites. 

All 

insecLs. 

1006. 

4,476 
7,265 
19, 1105 

lO.TfKI 

1.981 

3.S.31 

4,552 

11,1S6 

5,365 

COO 


914 

1,079 

4,097 

1,625 

118 






I'c'S 

73.8 

23.8 

3.1 

26,9 

.iulfUSt 

2,8?S 

207 

ISO 

65. 1 
6.1. .5 
63.0 

21 6 
36.6 

4. 7 
1.7 

23.3 

38.3 


’205 


30.2 

5.4 

35.6 

Totals and averiiKPsfor 
1906 



61.8 

22:1 

5.6 

27.7 

13,736 

25,534 


7,848 

823 

65 2 





7,981 

30. 7 

3.3 

310 

1907. 

2,074 
5,192 
7, 400 
1.50 



198 

76 

48.6 




hilv 

Mi 

2,156 

90 

Ij.6 

7.0 

22.6 


1,372 

1.5.5 

37.2 

11.9 

as 

15 7 


72.8 

27. 1 

ao 

30.1 

Totals and averagps for 
191)7 

' 



97.7 

1 

1.0 

l.U 

14,SI6 


3,363 i 

2,003 


57.1 




1008, 

Hav 

: ' 


19.9 

3.7 

23,6 




0 






Iiini' 

n r>p|/> 

5,2^ 

! 1.169 
1,047 
540 

2 

10.7 

0 i 

a . 5 

3.5 

llilv 



324 

416 

16 4 

6 l 


^lU'USt 


1,208 


1 219 

46.2 

19.2 

4. 7 

23.9 

SaDicicber. , 


815 

63 

74.2 

2L3 

5.2 

29. .5 

Otiolier. . 



807 

136 

39.2 

20.9 

3.5 

214 

bovomber 



1 

C .59 

32.8 

5.4 

12.3 

17.7 

Totals and averascs for 
im .... 


509 

90 


51.1 

27 

22 . 6 

25.3 


20,844 

4,235 

3,167 

1,491 



~ 


, 1909. 

I&nnarv 


42 7 

15.2 

7. 1 

22.3 

50 

23 

0 

0 

507 

0 

131 

0 

4.5 1 

0 

11.7 

0 

3.0 





7,677 

4,334 

2,866 

1,318 

117 

FPWtnber. 




38 

3a 9 

14. 9 

1.3 






5 

1 

6.8 

1.4 

.3 

1. 7 

and averages for 



2,017 

940 

170 








1 •‘17 

,..07 

41.2 

12 4 

22 

116 
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INSECT ENEMIES OF THE BOLL WEEVIL. 


A study of Table II, on the mortality due to insects in fallen 
squares, shows that the principal insect work is that of predatoiT 
insects and, furthermore, that the total insect control is, as a rule 
less than the climatic control. The table embraces the examinatioa 
of 63,985 weevil stages of which 17,596 were killed by climate, 13,95j 
by predators, and 2,849 by parasites. In other words, the averagt 
percentage of {ontrol in fallen squares by all kinds of insects is 26,0 
per cent, or 21 .8 per cent by predators and 4.4 pet cent by parasites, 
A further study of Table II shows that the predators have in eacli 
year done their most valuable work in the month of August. The 
parasites, however, have shown considerable variation in the month 
of their best work. In 1906 the highest average percentage was in 
October; in 1907 it was in June; in 1908 in November; and in 1909 
in July. 


Tabck hi. — ^fon^hly vmtalily of the hoU weeoil due to insects in hanginy tqmres. 


Months. 

Squares 

exam* 

ined. 


St^es killed by— 

Percentage of stages killed, 

foiiDd. 1 

Cli- 

mate. 

Preda- 
tors. i 

I’ara^ 
i sites. 

Total. 

Pred> 
tors. ■ 

! Para- 
1 sites. 

AUm. 

sects. 

1900 

1 

1 









Hi 

247 1 

47 

20 

76 1 

57.9 

8.0 

, 21.0 


August 

i.Kto 

2,506 1 

539 

544 

337 1 

55.3 

21.2 

, 13.1 


Sopwmber 

2,m 

1,285 1 

2« 

209 

, J 2S : 

49.7 

20.9 

9.7 

lill.u 

October 

33 

20 ' 

4 

. 10 

, 0 

70.0 

50.0 

9 

cdi; 

Totals and averages for 








i 


1900 

0,704 

4,118 

835 

843 

, 038 i 

53.8 

20.5 

1 13.0 


1907 





i 1 



i 



IfrO 

88 1 

26 

5 

1 13 i 

M.O 

5.7 

14,7 

211,! 


956 

513 1 

57 

16 

1 103 1 

34.3 

9. 1 

20.1 


August 

3,543 

2,011 1 

296 

175 

580 

52.2 

8.7 

28.8 

ll.i 

Totals and averages lor 


1 



1 ' 





1907 

4,649 

2,612 

379 

196 

1 696 

48.6 ' 

7.5 

26.6 

:i4.i 

190S 



1 







July 

2.955 

2,177 

395 

179 

479 

48.4 

8.2 ' 

22.0 

M,: 


1,393 

842 ' 

141J 

91 

279 

60.7 

10,8 ' 

33,1 

4Vf 

September 

3,922 

2,340 ' 

476 1 

259 

410 

48.9 

11.0 

17, ,6 

24.5 


1,192 

553 ' 

U6 

53 

113 

S2.9 

10.0 ! 

21.2 

31.1 

November 

1,125 

10 

8 

0 

0 

80.0 

0 ■ 

0 


Totals and averages /or 










ions 

10,587 

5,922 

1,136 

582 ! 

1,281 

50.9 

9.8 

21.7 

V 

1909 











80 

3 

0 1 

0 1 

0 

0 

0 ■ 

0 

i 

July 

630 

383 1 

36 1 

31 1 

U7 

48.0 

8.1 1 

30.5 

' 

August 

1,290 

856 

96 1 

72 1 

88 

29.9 

8.4 I 

10,3 ! 

JV- 

September 

745 

496 ' 

61 i 

21 I 

76 

31.9 

4.2 : 

15.3 1 


November 

•136 

52 ! 

14 1 

0 1 

30 

100.0 

0 1 

C8.0 


December 

515 

1G9 1 

47 1 

1 ' 

71 


6 ' 


1*.. 

Totals and averages tor 










1909 

3,396 

1,959 ' 

254 ' 

125 

382 

38. S 

6.4 

19. ,i 











— 


Table III shows that the principal insect work in hanging squares 
is that of parasitic insects and, furthermore, that the total inseei 
control in hanging squares is each year higher than the diniatie 
control. This table embraces the examination of 14,611 weTil 



Drrology. U. S. Dept, of Agr.tulture. 


Plate I. 



Shedding and KLriiNriON of Forms on the Cotton Plant. 

Ki,'-. 1— ti, b. c. N'i)nnal soars loft by she<1 forms. Fig. 2.— <i.6. <•, Abnormal sears with forms 
riiaiiu'ii Fig. Longitudinal section through base of shed form: b, Longitudinal 
'■y<-iion through base of nTHiiR‘<3 form. Fig. 1, natural size: lig. 2. xuiiowhat reduccil: 
f'.sr. -1, enlarged two «liameU‘rs. (After Hinds.) 
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stages of wliich 2,601 were killed by climate, 1,746 by predators, 
.,, 1(1 2,897 by parasites. In other words the average percentage 
control by ell kinds of insects is 31.61 per cent, or 11.93 per cent 
1 ,Y predators and 19.68 per cent by parasites. It appears that July 
jnil August are usually the beat months for parasite control in liang- 

squares. 


T-A0>'ii lY .—Monthly mortidUy of the hoUtoeevU due to insecle in hanging bolh. 



Bolls 


Stages killed bf— 

Pereentage of stages killetl, 

Moni&s- 

exam- 

ioed. 

I fotiDd. 

; Cli- 
mate. 

Preda- 

tors. 

Para- 

sites. 

Total. 

Freda- 

tois. 

Para- 

sites. 

All in- 
sects. 

1500 


i 










j^ptenibcr 

iJciobet 

145 

1 0 

1 0 

0 

0 

0.0 

0.0 

0.0 

0.0 

2,94T 

, 29ft 

28 

14 

0 

KS 

4.8 

0 

4.8 

: 23,454 

1 2,977 

416 

' 742 

19 

39.5 

24.9 

' .6 

25,5 

5,210 

1 1,.W5 

198 

188 

23 

i 20.3 

12.1 

' 1.5 

i 13.6 

399 

i '« 

21 

11 

3 

1 2 : 1.8 

7.5 

; 2.0 

9.5 

Totals a 0 d averages lor 










1906 

33,155 ; 

4,969 1 

063 

955 

45 

35.9 

21.9 j 

U.9 

‘32.8 

1907 










1 

Atifiost 

50 

5 ; 

1 

0 

1 

10.0 

0 : 

ai.o 1 

20.0 

50 

7 

1 

0 

0 

14..1 


0 ! 

0 

1,272 

310 

115 

51 

4 

51. .5 

15.4 

1.2 

16.6 

Totals aad averages for 












1,372 

342 

117 

51 1 

5 

50.0 

14.9 

1.4 

16.3 

1908 

2,227 

238 

34 

ii 

21 

29.7 

2.5 ' 

8.8 

11.3 

Jylr--; ■■■ 

4.450 

405 

125 

26! 

13 

40.5 

0. 4 

3.2 

9.6 

1,123 

200 

22 

20 

0 

21.0 

10 . 0 : 

0 

10.0 

lifpli-tnber 

933 

98 

8 

4 , 

1 

13.2 

4.1 

l.O 

5.1 

Totals ami sverai’cs for 










1908 

8,733 

041 

180 

50; 

35 

29.7 

5.9 

3.7 

9.6 

19(19 











1,010 

402 

133 

25 , 

11 

42.0 

6.2 

2.7 

8.9 


716 

115 

12 

49 

2 

1 54.7 

42.6 

1.7 

44.3 

toll..’ 

C08 

56 

14 

12 

1 

1 48.2 

21.4 

J.7 

23,1 

Totals autl averages jor 
1909 

2.940 

573 

159 

86 


45.2 

J5.0 

2.4 

17,4 


in fallen bolls the principal in, sect work is that accomplished by 
predatory insects, and the total insect control has been loss than 
tlie climatic control except in the year 1906. Table IV covers an 
examination of 6,825 weevil stages, of which 1,128 were killed by 
climate, 1,148 by predators, and only 99 by parasites. Tins means 
that 18,2 per cent of all the stages were killed by insects, or 16.8 
per cent by predators and 1 .4 per cent by parasites. In this class 
uf infested forms it is also noticeable that the principal xvork by 
the predators is accomplished during the month of August. 

16844°-Biill. 100—12- 2 



18 insect enemies of the boll weevil. 

Table V.— Monthly martalily of the boll weevil due io insects in hanging bolls. 





StagM killed by— I 

Percent^ of stages killed. 











Mouth. 

exam* 

ined. 

found. 

CU- 

mate. 

Pred- 

ators. 

Para- 

sites. 

Total. 

Pred- 

ators. 

Para- 

sites. 

AU 

msects. 

1906. 

434 

22 

2 

3 

0 

1 

22.6 

13.6 

0.0 



8.762 

2,444 

281 

340 

155 

31.7 

13.9 

6. 3 



4.224 

1,627 

130 

292 

101 




-Al 

October 

3,629 

1,359 

186 

266 

66 

38.2 

19.6 

4.8 


Totals and averages for 
1906 

17, W9 

5,452 

599 

901 

322 

33.4 

16.5 

5.6 

2} i 

1907. 

460 

38 

1 2 

0 

0 

5.3 

0 

0 ' 


August 

683 

393 

35 

13 

50 

25.0 

3.6 

12.5 

Kl 

Totals and averages for 
1907 

1.143 

431 

37 

13 

50 

23.2 

3.0 

11.6 

i lis 

1908. 

12.451 

515 

424 

0 

54 

92.8 

0 

10. 0 

10, .i 


1,239 1 

22 

21 

0 

1 ' 

100.0 

0 

4.5 

•5..) 


2, 133 
720 ' 

492 

63 

37 

58 

32.0 

7.5 

1L.7 

I'l.l 


191 

23 

7 

22 

27.2 

3.6 

11.5 

15. 1 



83 

7 

17 

2 

31.3 

20.4 

2.4 

22. s 


432 

262 

36 

11 

5 

19.8 

4.2 

1.0 

ti.I 

November 

519 

274 

134 

1 

8 

52.2 


2.9 

VI 

Totals and averages for 
1908 

18,157 

1,839 

708 

73 

150 

50.6 

3.9 

8.1 

\ 12.0 

10U9. 

3,041 

857 

335 

38 

43 

48.5 

4.4 

5.0 

' 


430 

35 

13 

II 

0 

68.6 

31.4 

0 

1 3U 


653 

81 

16 

16 

0 

39.5 

19.7 

0 

: iw.; 


•365 

42 

1 

2 

0 

8.1 

5.4 

0 i 5,1 

Deoember 

2, 148 

519 

217 

13 

11 

46. 4 

25.0 

2.1 

1 2:.i 

Totals and averages for 

. 7,537 

l..-)34 

582 

80 

54 

16.7 

1 

1 5.2 

8..: 

! 






i 


i 


.: 
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Table V was based, as may be seen, upon the examination of 9,256 
,;veevil stages, of which 1,926 were killed by climate, 1,067 by pred- 
ators, and 576 'by parasites. In other words, the insect enemies 
Idlled 17.74 per cent, of wluch 11.52 per cent were killed by predators 
j„(l 6.22 per cent by parasites. July and August are the principal 
months for attack upon hanging bolls. 

Summarizing the four preceding tables. Table VI is presented to 
,;liow the monthly rate of mortality in all classes of infested forms. 



t ic. I.-Diagram illustrating the monthly iierwntage of mortality of Immature boll weevils due to 
insect enemic-s. (Original.) 


It will be noticed that in each year certain months have been omitted 
iiud it must be explained that the reason therefor has been the 
necessity of making these examinations only when other work was 
not pressing. An analysis of this table is more readily made by 
reference to the accompanying diagram (fig. 1), wliioh demonstrates 
I'luichisively that August is the month during which the insect enemies 
of the boll weevil are most active. 
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Table VI . — Monthly rate of mortality of the boll mtnil in infeeted forms of all class^i 



Forms 

Stages 

found. 


Percentage of stages killed by*- 


Month. 

exam* 

ined. 

All 

causes. 

Climate. 

Preda- 

tors. 

Para- 

sites. 

A]] 

iiisects. 

1906. 

June 

4,621 

3,831 

7180 

46.90 

23.80 

3.10 

26, (C 


U.J20 

5, 111 

61.67 

;l4.2fi 

21.83 

5.53 

August 

55,686 

19,173 

54.64 

21.19 

29.32 

3.61 

ES 

September 

23,175 

9,832 

50.40 

20.80 

24. 14 

5.43 

October. 

6,042 

2,126 

44. 12 

19.56 

19.75 

4.79 

24.0 

Totals and averages for 1906 

100,644 

<0,073 

55.81 

25.15 

26.31 

4.31 


1907. 

June 

2.274 

1,35< 

48.67 

27.03 

14.99 

6.64 

216. 

16.4 

July 

6,658 

4. 166 

36.55 

20.11 

10.77 

5.66 

August 

12.898 

7,792 

64. 19 

33.39 

20.67 

10.12 

November 

150 

93 

97.70 

96.70 


1.00 

l.tc 

Totals and averages for 1907 

21,980 

13,405 

54.27 

29.06 

16.88 

8.32 


1908. 

February 

12.451 

515 

92.81 

82.33 

0 

10.48 

10.4 

March 

1,329 

22 

100.00 

95.50 

0 

4.50 

4..’>0 

May 

100 

56 

10.70 

7.20 

0 

3.50 

June 

10,035 

5.523 

43.81 

15.78 

15.78 

6.24 


July 

16.974 

7.764 

45.63 

20.99 

14.73 

9.90 


August 

5,177 

2.441 

61.53 

29.79 

16.87 

14.91 

SJ.t 

September 

1^. 708 

6.415 

42.29 

16.66 

17.06 

8.55 


October 

11,302 

6. 157 

33.92 

15.67 

5. 73 

12.01 


November 

2.248 

653 

50.53 

35.62 

3.06 

14. 70 

iT.:e 

Totals and averages for 1908 

72.234 

29,546 

44.34 

21.21 

13. 12 

10.00 

23,1 

1909. 

January 

5.687 

1,285 

45.52 

36.42 

4.90 

4.20 


February 

1,146 

150 

58.00 

16.66 

40.00 

1.33 

41,3 

March 

1.261 

137 

43.06 

21.89 

20. 4.3 

.72 


July 

8.307 

4.717 

4.5.36 

28.70 

11.19 

5.25 

15,3 

August 

7,162 

3,764 

37.32 

20.64 

13. 33 

3. 34 

16, e 

September 

1.495 

860 

21.25 

9.30 

3.02 

8.9.5 

11,^ 

November 

136 

52 

100.00 

32.00 

0 

68.00 

fis.'i 

December 

2.663 

688 

52.32 

38.37 

. 2.03 

11,91 

15,94 

Totals and averages for 1909 

27,857 

11.653 

41.73 

25.84 

10.56 

5.32 

Ic.s.' 


i. A GEOORAraiC STUDY OF THE STATISTICS OF INSECT CONTROL. 

A study of these same statistics, when arranged to show the, insect 
control by States, has given ranch interesting light upon the subject 
of the control of the weevil. 

In fallen squares we find an average for total insect control of 26.8 
per cent in Oklahoma, 25.9 per cent in "Mississippi, 24.5 per cent in 
Texas, 20.6 per cent in Ijouisiana, and 12.5 per cent in Arkansas, 
Analyzing these figures from another standpoint, we find that tlie 
State of Mississippi leads in parasite control with 14.27 per cent, 
Oklahoma standing next with 4.71 per cent, Texas with 3.9 per cent, 
Louisiana with 2.52 per cent, and Arkansas with 0.71 per cent. Tbe 
relative rank of the States for predatory control is quite different, 
Oklahoma leads with 22.16 per cent, Texas comes next with 20.6 per 
cent, Louisiana with 18.1 per cent, Arkansas with 11.82 per cent, 
and ilississippi with 11.63 per cent. In climatic control Texas leads 
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with 37.9 per cent, Oklahoma comes next with 30.8 per cent, Arkan- 
sas with 25.65 per cent, Louisiana witli 12.5 per cent, and Jlississippi 
with 11.7 per cent. Thus it may bo seen that the dry, prairie States 
of Texas and Oklahoma lead in the climatic and predatory control 
of the weevil and also in the total amount of control, and that the 
climatic control in each of these States is greater than the total insect 
control. Tills latter fact is also true of Arkansas. In Louisiana 
and Mississippi, States wliich are naturally more humid, the climate 
lias less influence and the greater proportion of the control is by the 
insect enemies. 

In hanging squares the conditions are entirely reversed. It is 
noticeable that Oklalioma leads in parasitism wdth an average of 31.74 
per cent, Texas averages 26.6 per cent, Arkansas 24.16 per cent, ilis- 
sissipi 21.2 per cent, and Louisiana 12.07 per cent. In predatory 
control Louisiana leads with 1 2.9 per cent, Texas comes next with 10.9 


IMISIANA 

MISSfSSIPP/ 

/mwsAs 

TEXAS 

OKLAHOMA 


Fig, 1-DIagram illustrating the average climatic and insect control of the immature boll weevils 
during 1906, 1907, 1908, and X909, in hanging squares. (Original.) 

per cent, Mississippi with 6.98 per cent, and Arkansas with 2.53 per 
cent. We have no record of predatory control in Oklahoma. In all 
five States insect control in hanging squares is greater than climatic 
control. With regard to climatic control Arkansas leads with 26.69 
per cent, Texas has 16.8 per cent, Louisiana 15.89 per cent, Oklahoma 
9..53 per cent, and Mississippi 8.12 per cent. These statistics are 
grapldcaUy shown in figures 2 and 3. 

Abrlef comparison of the condition in hanging andfallcn squares will 
sJiow that the States of Texas and OklaJtoma have a higher average 
percentage of control from all factors in fallen squares than in the 
tanging squares ; the States of Louisiana and Arkansas have a higher 
average percentage of control from all factors in hanging squares than 
m fallen squares, and in the State of Mississippi the difference is very 
'ght, although in favor of the fallen squares. This illustrates the 
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difficulty of giving any single recommendation for the control of the 
boll weevil which would apply to all regions. This point will be 
brought out more fuUy in other sections of this bulletin. 

5. A STUDY OF THE SHABE OF INSECT CONTROL IN THE MORTALITY OF 
IMMATURE BOLL WEEVILS. 

The condensed tables which have been presented are likely to give 
the impression that the parasite control of the weevil is on an average 
very low, but it must be remembered that the examinations have 
been made in all parts of the infested region whether the weevil has 
been present 17 years or oidy a few months, and whether the weeiil 
damage amounts to less than 1 per cent of the crop or to almost lOo 



per cent. This great difference in the sources of the material exam- 
ined has necessarily lowered the average mortality to its minimum. 
The following records show some of the cases of veiy high mortalit; 
due to parasites: 

Highest records of parasitism of the boll weevil. 
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Highest records of parasitism of the boll Continued. 

IN HANGING SQUARES. 


Waco. Tex^..---- 
Ulingwn, lex..-- 

Victoria, Te-x 

Pallas, Tex.. 

Arlington, Tex — 

Dallas, 'fex 

Waco, Tex. 

SaviSOla.TeX 

\'atoho2, Miss. . . - . 

San Antonio, Tex. . 
Hallct.tsviile, Tex.. 

Pallas, Te^. 

Arliugton.Tex — 

Vlfioria, fex 

Foster, La 

Tulinlali, La 

ForbingpLa. 

Stirevcport, La 



A(l:i, Okh 

Kouke, Ark 

Wai'O.Tex 

Ciicro.Tex 

Tallulah, La 


Percent- 


Localitj. 


Date. 


Number age of 
of stages, parasit- 


ism. 


July 23, 1909., 
July, 1909. . . . 
Aug. 5, 1907 . . 
Aug. 17,1907. 
July 17, 1908. 
July, 1909.*.. 
July 25, 1908. 
Aug. 17, 1908. 
Oct. 23,1908.. 
July 24, ms. 
July 1. 1907. . 
Aug. 10, 1907. 
Aug. 6, 1908.. 
July 29, 1908.. 
Sept. 7,1907.. 
Dee. 20, 1909. 
Aug. 29, 1907. 
Oct. 28, 1908.. 
Sept. 16, 1908. 
Sept. 4, 1908.. 
July 27, 1908. 
Sept. 20, 1906. 
.\ug.31, 1906. 
Sept., 1909.... 


39 

66.6 

S5 

63.63 

26 

61.5 

82 

59.7 

51 

50.86 

57 

52.63 

99 

52.6 

29 

51.75 

82 

51.3 

29 

48.27 

19 

47.3 

193 

47.15 

200 

46.92 

140 

45.71 

22 

45.47 

85 

44.7 

41 

43.9 

37 

37.84 

69 

33.33 

63 

31.74 

284 

26.05 

109 

23. S 

347 

21.3 

495 

15.85 


IN FALLEN BOLLS. 


Victoria, Tex.. 
Alexandria, La. 
Triuitj-,Tex.... 
Corsiciuia, Te.x. 
Victoria, Tex.. , 


June 17-29, KHB 

97 

14.4 

July 29, 1908 


9. 09 

Aug. 24.1907 

12 

S.3 

Sept. 18, 1906 

34 

5.9 

Jab., 1909 

87 

5.74 


IN HANGING BOLLS. 




11 

20 

38 

30. 3 
30.0 
26. 31 





Do 




35 

no 

125 

52 

142 

303 

25.71 

22.7 

14.4 

13.5 
12.0 

11.8 



Katchet, Miss 




Trlnitr, m 


Waco, Tc.t 





These records give merely the Jiighest percentages for each .State 
ill each year. There are many otlier records wliicli might be included 
between the above figures. 


Higlmt records of total insect control of the hoU weevil. 
IN FALLEN SQUARES, 


I^ocality. 

Dale. 

Number 
of stages. 

Percent- 
age of 
Insect 
control. 



255 

100 

197 

1,310 

375 

678 

549 

114 

142 

171 

96.11 

92.00 

85.20 
78.80 
78.38 
77.40 
73.60 
66.69 

61.20 
49. 71 

Hallett5^•illc. Tex 


Overton, Tex... 


heeville. Tex 


'iotoria, Tex i 


Hee\111p„av.x.. 

Cuero, Tex 

Sept. l,‘ 

i.uUaa.Tex 

'idalia, La. 

Aug. 28, 1^8 

Sherman, Tex 

July, 1909 
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Highest records of total iruect control of the boll wem!— Continued. 
IN HANGING SQGAKES. 


Locality. 


Athens, Tex. . . • 

Arlington, Tex.. 

Dallas, Tex 

Victoria, Tex... 

Waco, Tex 

Mansfield, La... 
Victoria, Tex. . . 


Date. 

Number 
of stages. 

Aug. 1, 1907 

75 

55 

57 

67 

99 

244 

253 



Julyl, 1906 

Sept. 1, 1906 

Aug. 1, 1907 


Percent, 
age al 
insect 
control 


W.Cft 

IG. 

56.56 

50 . 

50.% 


IN HANGING DOLLS. 



, Sept. 29, 1900 1 

145 1 

5H,J0 

42,14 


Aug. 1.1906 

1 69 ' 


Sept. 24, 1906 

1 479 

3:1, fXI 




— 


THE CORRECT BASIS FOR COMPARISON OP MORTALITY STATISTICS. 

As has been explained, the examinations have been made from 
various sources. It is therefore necessary to arrive at some true 
basis for the comparison of these data before aa exact knowledge of 
the conditions existing can be obtained. The first mortality of the 
weevil is that due to proliferation. Dr. Hinds, in BuUetm 59 of 
this bureau, has shown that the average mortality of weevil stages 
in squares from proUferation is 13.5 per cent and that the average 
mortality in bolls is 6.3 per cent. In the absence of further data 
these two percentages are used as a basis for obtaining the weighted 

average mortality. , . 

As nearly as the proportion can be estimated throughout the entire 
season, 15 per cent of the weevil stages are to he found in bolls and o 
per cent in hanging forms. Whether these arbitrary estimates l.e 
true or not, this is the only manner in wliich it will be possible to 
compare the mortality by the different factois in the various years. 
On this basis, therefore, a series of hypothetical tables has been 

In order to show how the hypothetical average differs from tk 
average obtained from the total examinations, two tabbies are given 
for each year, the first being a table giving the actual conditions m 
the four classes of infested material and the second table being n 
hypothetical table based upon 10,000 weevil stages on the arbiaan 
basis of 6 per cent of the stages in hanging forms and Per cent o 
the stages in bolls. The process continues by first subtracting 
mortality by proliferation and then computing the mortality ho 
climate, predatois, and parasites from the remainder. The percent 
ages of mortality given in the total line are based upon the total 
10,000 stages. 
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/POe.— The data on the mortality of the weevil in IflOti may there- 
fore be condensed and tabulated as follows: 

Table yii—BoU'WeexilmoTtalityin 1906. 


Class of forms. 

Number of 
weevil 
sta^. 

Percentage 

of Sti^S 
^ive. 

Percent^ of stages killed by— 

Total per- 
centage of 
mortality. 

Climate. 

Predators. | I’arasites. 

Huiieing bolls 

lliugiiig squares 

bolls 

Fallvii squares 

Totals and averages 

5,452 
4,118 
' 4,9C9 

1 25,534 

66.59 

46.20 

64.53 

34.80 

10.98 

20.30 

13.34 

31.20 

16.52 

20.50 

19.01 

30.70 

5.90 

13.00 

.90 

3.30 

33.41 
53.80 
35. 47 
65.20 

40,073 

44.19 

25.15 

26.31 

4.31 

55.81 


T,^pi.E VIII.— J’Ae hypotyikal or weighted average morlality of the holl -iveevily 1906.'^ 


Class offonns. 


]l;mirinc bolls.... 

stjuarfls.. 


Taial hiiugiug.. 


bailon bnlls 

squares 




14. 25l 
80.7.^ 


I'oials and aver- 
ages 100. ool 


1906— MortalUy from— 


Prolifera- 

tion. 


l,425i 6.30 
8,075:13.50 


9,500|... 

IO,OOo!i2.42[ 


4.7 

57.4 


I 


CUmatfi. I Predators. Parasites. 




70.310.98 

367.620.30! 


62. 1| 437.9'. 


7.716.521 
74.6;20. 50| 


82.3b 


90.01,335.013.341 178.1 19.011 

AAA , i- oo. A.V, •' 02 . 179 . 3 '"' ■' 

• 12,357. 4: 


if ■ :ll 
^ -11 
5 6, C 


11.6 5.90 
75.413.0(H 


87.0. 
253.8 ~ 


1 , 090. 1 6. 984. 9 31. 20 -2. 1 79! 3,3o! 70 2. 144 ! 4 s! 31) 23o! 5 
.12,398.2 !212.5 


).1'8,319.9’. 


I 


.1 I 


|1 , 242, 1 j 24. 39 2, 439. 7 24. 85 2. 485. 2 2. 94 294. 4 


37 . 4 ' 28.1 
60. 0 : 2o5.2 


37.41 533.9 
69.8 5,644.3 


* (liven 10,000 weevil stages. 


j, 9 , 77 —The mortality during 1907 was 54.27 per cent when figured 
fnim the total number of stages and total mortality, thus showing a 
ilrrrease of 1.54 per cent from the mortality of 1906 figured in the 
simp, Tiianner. The parasitism showed an increase of 4.01 per cent. 


Table IX. — BoU-toenil mortality in 1907. 


Class of forms. 

Number of 
weevil 
stages. 

Percentage 
of stages 
alive. 

Percentage of stages killed by - 

Total per- 
centage of 
niorlaiity. 

Climate. 

Predators. 

Parasifos. 

nangiiig bolls, 
iliiikfing squares.. 

Palli'n bolls 
lal!''ii squares.. 

Totals and averages. 

431 

2.612 

342 

10.020 

76.80 

51.40 

49.42 

42.90 

8.58 

14.50 
31.28 

33.50 

3.02 

7.50 

14.91 

19.90 

11.60 
26.60 
1. 46 
3.70 

23.20 
48.60 
50.58 
57. 10 

13,405 

45.73 

29.06 

16.88 

8.32 

54.27 
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Following the plan adopted for the 1906 records these figures 
may be weighted for comparison with the earlier records. 


Table X. — The hypothetical or weighted average marUdity of the boll weevil in 1907.^ 


Class of forms. 

I’crcentage of tots! number 
of stages. 

i 

« 

H 

3 

1907— Mortality from — 

ProUler- 

atioQ. 

a 

a 

s 

Climate. 

Predators. 

Parasites. 

Twnl, 

Percentage of 

tOtOJ. 

Number killed. 

Percentage of 
remainder. 

•d 

a 

k, 

n 

a 

1 

© 

S’O 
rt a 

|s 

Number killed. 

I’ercentagre of 
remainder. 

Number killed. 

® i 

•2^ w 

CO i 

^ ~ 

Hanging bolls 

Hanging squares 

Total hanging,. 

Fallen bolls 

Fallen squares. 

Total fallen 

Totals and aver- 
ages 

0. to 
4.25 

75 

425 

0.80 

13.50 

Li! 70.3 
57.4, 367.0 

8.5h 

14.50 

6.0 

53.3 

3.02 

7.50 

2.7 

27.7 

11.60 

26.60 

S.lW.To' J| 
97.8,«.5o: 2ii, 

5.00 

600 



62.1; 437.9- 

69.3 

i 20.8 

lhJ5.9| 

14.25 

80.75 

1,425 

8.075 

6.30 

13.50 

90.01,335.031.281 417.$ 
1, 090. 16, 984. 9 33. 50:2, 339.6 

14.9lj 190.0 
19. «J,1, 380.8 

1.40! 19.5,j0.00'~7'r 
3. 70'258.4G2.S05,07; 

05.00 

9,500 

|l.mi',8,3l9.9; 

2.757.2 

jl,588.8 

1277.9 

'r),!5(t4 

00.0111,(11,1 

itio.ooio,oooji2.4Ji.2.a ij | 28. 10 

2,810.5 

16.isjl,618.( 

3.83 

383.8 


I Given 10,000 weevil stages. 


Tliis table shows a weighted increase of 0.89 per cent for parnsius 
and a weighted decrease of 4 per cent for all agencies due to tl.p 
falling off in control by predators. 

1908 . — The mortality during 1908 was 44.84 per cent when fignri'ii 
from the total number of stages, the total mortality thus showing 
a decrease of 9.93 per cent from 1907. The parasitism showed an 
increase of 1.68 per cent. 


Tabi.r XT. — BoU-venil mortality in I'JfS. 


Class of forms. 

. 

Number of 
weevil 
stages. 

Percentage 
of stages 1 
alive. 

1 

j Percentage of stages killed by— 

(.‘liinatc. 

1 Predators. 

Parasites. 

1 Alla^tD- 

[ ci«, 

Hanging bolls 1 

1,839 

1 i 

49. W 

38. 48 

' 3. 97 ' 

8.15 i 

,■.0,(0 

Hanging squares 

5,922 

49.01 1 

19.24 

9.80 

21.70' 


Fallen bolls - 

i 941 

7a 25 1 

20.08 

1 6. 95 ! 

3.71 ! 


Fallen squares 

! 20,844 

57.28 

20.30 

15.18 

7.15 

42. 

Totals an<l aver^es 

! 29,546 

55.66 

21. 21 I 

1 13, 12 

10.00 

! 41.^ 
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following the plan adopted for the 1906 and 1907 records these 
jjmires may weighted for comparison with the earlier records. 

y bie Xll — Impothelkal or u-eighUd armu/f mortahly of the boll mm'l in 1008.' 


I'hl.'S of fol lies. 




Housing squares 

Total hauj-'iuj;.. 

t-aUenboll? 

I'ollDD squares 

Total fallen..... 

Totals and aver- 

agos 


0.75 

4.25 


14 . 25 ! 
80. 75 


' 95.00 
100.00 


1908 — Mortality from - 


I^oliler- 

ation. 


7.5 Ct.m 
425 , 13.50 


1 , 425 ! 6 . 3 M 
8 , 07 . 5 , 13.60 


4.7 

57.4 


90 . Od, 335 . 0 ! 
|l, 09 aj;f., 984.9 


|l, 180 . i; 8 , 319.9 


1 , 242 . 2 j... 


' 20.08 
120 . . 30 ' 


27.1 

70.7 


208.1 
1 , 417.91 




1.4 

30.0 


S. 15 
121.70 


I 37.4 


i. 95 | 79.4 

). 18 ) 1 , 000.3 


|I, («(>.(« ' 1 , 1 . 39.7 54 a 9 l 


‘ti 


51 . 80 ! 
1 57. 30 


349 
243. 0 


; 34 .] 0 l 487.0 
-OO. 30 , 4 , 007.7 


. cjll. 77 |l, 177. 1 1 a 34 1 ; 34 . 4 | 48 . 37 j 4 , 837. 5 


1 Given 10,000 weevil stages. 


This table sliows a weiglited increase of 2.51 per cent for parasites 
and A weighted decrease of 12.24 per cent for all agencies, due to 
the fiiLliiig off ill control by both climate and ]>redators. 

;, 9 ()y,_TJie mortality during 1909 was 41.73 per cent when figured 
troiii the total number of stages, the total mortality thus sliowing 
a decrease of 2.61 per cent from 190S. The parasitism showed 
also a decrease amounting to 4.68 per cent. 


Table XiU .-—BolUweevil mortality in I'jOtL 


1 

('ifts.scf forms. ^ 

! 

Number of 
weevil 
stages. 

Percentage 
of stages 
alive. 

Percentage of stages killed by— 

Climate. 

1 

Predators, j 

1 

Parasites. 

All agen- 
cies. 

.liiii«ifl« bolls 

1,634 

63.33 

37.94 i 

5. 21 

3 . 52 ; 

4 (i. 67 

dineing squares 

1 , 9.59 

61.16 

12.96 1 

6 . .38 i 

19. 49 i 

. 38.84 

hllen bolls 

573 

' 54.82 

27. 74 . 

15.00 

2.44 

4 . 1. 18 

iiilkn squares 

7,587 

58.79 

26 . 58 ; 

12.39 i 

2.24 

41.21 

Tfilal.s and avenges 

11,653 

58-27 

25.84 

j lU,. 5 ii 

5.32 

41.73 
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INSECT ENEMIES OF THE BOLL WEEVIL. 


Following the plan adopted for the three preceding years these 
figures may be weighted for comparison with the earlier records: 


Table XIV. — The hypothetical or wexglded average mortality of the boll weevil in, i 


Class of ferms. 

Percentage of total number 
of stages. 

Number of stages. 




1909— Mortality from— 




ProUler- 

atioD. 

Remainder. 

Climate, j 

i 

Predators. 

Parasites. 

Totnl, 

1 "3 1 

i ^ 

2 1 = 

^ 

o 

CO 

Number killed. 

3.9 

Of g 

Number killed. 

O 

£■0 
3.9 
*2 5 
g 9 

qj C. 

(L 

Number killed. 

Percentage of 
remainder. 

Number killed. 

Hanging bolls 

0. 75 

I 

G.30^ 

4.7 

70. sl 

37.94 

1 

26. 7 

5.21 

1 

3.7 

1 

3. 52 

1 2,5 

^50. Id' 5-.. 

Hanging squares 

4.25 

425 

13.50 

57.4 

367. 0| 

12. % 

47.0 

6.38 

23.4 

19.49 

j 71.6,47.29; ajillfl 

Total hanging.. 

5.00 

50o' 


62.1 

437.^ 


71.3' 


27.1 


74.1 

1 ! 

Fallen bolls 

14.25 

i,4r)l 

6.30 

90.0 

l,335.(J 

27 74 

370.3 

15.00 

200.2 

2.44 

32.'6 


Fallen squares 

80.75 

8,U75 

13.50 

1,09a 1 

6,984.9 

20.58 

1,856.6 

12.39 

865.4 

2.24 

156.5 


Total fallen 

95-00 

9.500 

1 jl, 180.1 

8,319.9 


2,226,9 


1,065.6 


189.1 

! 4^ 

Totals and aver- 




1 








1 ”l “ 

ages 

100.00 

10,000 

jl2. 42^1. 242.2 


23.01 

2,aji.2 

10492 

1,092.7 

2.63 

,263.2;48.6y4,ki.i. 

1 1 1 ■' 


1 diven 10,000 weevil st^es. 


This table shows a weighted decrease of 3.71 per cent for parasites 
and a weighted increase of 0.62 per cent for all agencies due to an 
increase in climatic control. 

In the following table is given a comparison of the weighted aver- 
age control by all agencies for the four years. 

Table XV . — Weighted average -mortaUty of the boll weeiil, JOOfi-WOii. 


Weighted average mortaUty due to— 


Years. 

Prolifera- 

tion. 

Climate. 

Predation, 

1 

ParAsItes. 

All ckh- 
cie?. 


12.42 


24.85 

2,94 1 


1907 

12.42 


16.18 

fji i)l 


12.42 


11.77 

6.34 ! 

4\3: 


12.42 

23.01 1 

10.92 

2,B3 





12.42 

24.45 ' 

15.93 

3.93 



1 


In view of the fact that certain cotton varieties retain the infosteJ 
squares more than others, it is interesting to make another hypothca- 
on the basis that 50 per cent of the infested forms are hanging. The 
year 1908 is chosen to illustrate this phase of the subject. 
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SHAEE OF INSECT CONTEOL IN WEEVIL MORTALITY. 

TistE XVI.-^ hypothetical average mortality of the holl weevil in square-retaiaim, 
vanHies.^ •’ 


Class of forms. 


Total hanging.. 

fallen bolls 

Fallen squares 

Total fallen 

Totals and aver- 
ages. 

* uiveo 10,000 weevil stages. 

This senes of tables, wherein the mortality of the weevil is given 
an accurate basis for comparison, brings to light some very important 
points. This IS especially the case in Table XVI, which is based 
upon the hypothesis that 50 percent of the infested forms are hang- 
ing. By comparing this hypothesis for the year 1908 with the 
table of the same year in which it is considered that only 5 per cent 
of the forms are hanging, it will be noticed that under the condition 
of the greatest proportion of hanging squares the total control of the 
ween would be 52.39 per cent and the number of parasites to 10 000 
weevil stages would be 1,154; whereas, with the smaller proportion 
ol hanging formsj the total control of the weevil would be 48.37 per 
cent and the total number of parasites 634 to 10,000 weevil stages 
Now this shows a gain of 4 per cent in the actual control of the 
'\eevii and almost double the number of parasites to 10,000 weevil 
stages. Naturally, under such conditions it would follow that the 
parasitic control would be even higher than that which has been used 
as a basis for the estimate and would increase in rapid proportion 
n view of this showing of the fact that the laiger the proportion of 
iian^ng squares to the entire amount of infested forms, the larger 
tie insect control becomes, we recommend that those who are inter- 
ested in the breeding of cotton varieties attempt to secure varieties 
V CO ton which ^ combme the necessary qualities of productive- 
Mss, ength of lint, and early maturii^ with the square-retaining 
pointed out that the varieties known as Rublce 
dtooks Improved are not only conspicuous for the square-retain- 
qualities but also for their desirability under boU-weevU condi- 





30 INSECT enemies of the boll weevil. 

tions Several other varieties have been noticed to have this 
same tendency, but they have not the other charactenstics to recom- 
mend them. In this connection we refer the reader to section } 
(n 21) in which it has been shown that at least two States have liad 
a Idsher average control of the boll weevil in hanging squares than in 
faUen squares when all of the records available are considered. It 
will also he noticed in section 5, under Table XI, giving the actual 
control of the boll weevil in 1908, that hanging squares and hangb, 
bolls were decidedly in the lead in the total control over either fallen 
squares or fallen bolls. While this has not been the case in he other 
years under consideration, we nevertheless consider that the pres- 
Lee of a nursery for the parasites in the field is most desirahle, 
Undoubtedly these hanging squares constitute such a nureery. 


6. 


1 STUDV OF HOW .iOKICULTURE .MODIFIES INSECT CONTRO],, 


From studies made during 1907 the folloiving comparisons may 
be made to show the number of factors that it is actually necessary 
to consider in order that differences in parasitism may be understou.l 
At Arlington, Tex., records were kept on a field m the red Imim 
post-oak country or “cross timbers,” another in the rnnity Rivpi 
L ttoms, and a third on the black waxy prairie, Ihe first 
nlanted March 12, the second April 1, the third April 5. On August 
28 the weevil infestation of squaresin.the timbers was 80.5 per cent, 
in the bottoms 94.3 per cent, and on the prairie 21.4 per cent. . t 
the same time the parasitism in fallen squares on tbe, tubers was 3.1. 
per cent, in the bottoms 1.9 per cent, and on the praine 2.o6 per cent, 
the timbers the parasitism of hanging squares was 39 per cent at.n 
n the bottoms 24.78 per cent. The variable actors are sod flora, 
time of planting, variety of cotton, an.l we6^^ abundance. Han,- 
inv squares were found in 1906 to be more Inghly parasilim .a 
timbcT land than on the prairie, and faUen squares inversely Iri 
appears to be an indication of the value of early plan mg. Th 
IhJl field was the earliest field known in the ^ncirnty and it sbo«d 
a high parasitism in hanging forms throughout the season. 

A.t Calvert Tex., were two fields on the praine, one planted Mai rii 

first was IS per cent and of the second 21 per cent. On July o 
in the first was 2 per cent ami in the second i* 

^ At Denison Tex were two fields, one in the red clay , the otli 

aan“nSe; surrounded by timhen ^On Jhe 
were burned February 28, on the second March lA fioti 
planted March 30. On August 27 the weevil “fe^pllitismin 
first was 88.3 per cent, on the second 87.6 per cen , P 
faUen squares on the first was 6.31 per cent, on the secon • 
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cent; the parasitism in hanging squares on the firet was 5.79 per 
cent, on the second 11.53 per cent. Here the only variable condi- 
tions were soil, possibly weeds, and time of plant destruction. The 
parasitism in the two classes of forms was diametrically reversed. 

At Terrell, Tex., were two fields on the sandy prairie, both planted 
in March, but having different weeds present. The weevil infesta- 
tion August 26 on one was 65.2 per cent, on the other 97.5 per cent 
ffhile the parasitism in hanging squares on the first was 29.5 per cent 
iind on the second 25.6 per cent. The variables were field surround- 
ings and weevil abundance. 

The unknown influence which entered most of these examples was 
very probably the relative abundance of the different species of para- 
sites. This may best be illustrated by the hanging squares from the 
timbers and bottoms at xirlington, which are quoted above. In the 
timbers the detennmable parasites proved to be 16 Eun/toma tyhder- 
}fiatk, 10 Mic.rohracon meUitor, 6 CerarnhycoMus cyanireps, 5 Miero- 
iloiiiomerus anthonomi, and 3 Catolaecus spp. In the bottoms there 
were 17 Ceramlycohim cyanieeps, 13 Murodontoments anthonomi, 10 
hurijtoina tylodermatis, 8 Catolwcus spp., and 7 Microhracon mellitor. 
The rank of the species was almost entirely reversed. 

Probably the most important point in the entire set of examples 
is tliat the earliest crop had the most parasites. To show this in 
iinotlier way we may refer to the conditions on the experimental farm 
at Dallas. The first part of the field to put on squares was the first 
part to show parasites. On July 8 infested s(|uares were to be found 

in six plats, but only on this earliest plat wa.s there any parasitism 

5,1 per cent. On July 19 it and the adjacent plat were still consid- 
erably in the lead. 

That the earliest field should show the highest parasitism was 
expected by the writers in view of the oarlv spring observations 
The parasites m hibernation, wliether on the boll weevil or on winter 
cohosts, all reached maturity in the latter half of March at Dallas. 

It was reasoned that cotton, squaring and attacked by April 15, 
Muld get the hibernated parasites in any part of the State- that 
’otton squaring and attacked by May 15 would get the first genera- 
lon of parasites from the cohosts, and so on. It is reasonable to 
'.Xpert that cotton with squares infested in season to attract hiber- 
Mtcd parasites or a new brood from cohosts will fare better than 
Mtton that commences squaring when alt the parasites are concon- 
rated upon neighboring cohosts. Tliis cotton must wait until the 
aenod of the favored cohosts begins to wane before the parasites will 
aegm to seek new scenes of activity. Although it was so reasoned 
vas hardly expected that there would be sufficient proof to warrant 
'■wciiig the proposition. 
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A series of examinations was made in the vicinity of Victoria 
Tex., in 1907 and 1908. On October 9, 1907, Mr. Cushman noted 
that fall destruction of the cotton was being carried on quite extcn. 
sively, but in different manners. On the east side of the river, south 
and east of town, was an area in which practically all of the cottoa 
had been defoliated by the cotton leaf-worm. This area was sepa, 
rated by the river and by a wide strip of huisache timber from 
other cotton areas. In other directions were located fields stripped 
by grazing, some that were plowed under, and one field only was 
found which had received no treatment. 

On June 17, 18, and 19, 1908, fallen squares from several of these 
fields were examined, with the following results: 


Table XVII. — Boll-weevil mortality in varioKS cotton fields, Victoria, Tev.., 


Treatment, 1007. 

Total 

stages. 

Total. 

Percental 

Climate. 

fe of mortalitr, yjr^ 

' Freda- !- , 

tors, j 

Destroyed state, Seplember 

314 

1 18.18 

1 5.43 

4.14 


Plowed, October 

2% 

; 13.50 

, 7.70 

3.(10 


Plowed, Decemb^ 

354 

, 60.70 

, 14.40 

41.20 1 


Grazed, October 

, 144 

, 44.40 

, 24. 30 

15.97 ' 


Do 

290 

' 37.50 

25.50 

7.20 : 


Defoliated 

480 

23.30 

30.60 

2.5(1 


Do ' 

1 513 1 

1 62.80 

27.00 

11.10 


Do ' 

375 ' 

23.70 1 

16.50 

3. 10 

hot 


These striking differences in the percentage of control can not hf 
attributed to the differences of treatment in 1907, although that 
may have had a bearing. The different fields had different tveedt 
and plants surrounding them, they received different treatment ii 
the spring of 1908, and there are many other reasons why no out 
basis of comparison can be chosen. The table is offered to illustratf 
how wide a difference in natural control can be found infields only a 
few miles apart and proves conclusively the value of individual effort 
in the fight against the weevil. 

Numerous other instances are contained in the notes that are qtiitf 
as striking as the one to which rofcrenco has been made. There h 
every reason why each planter should follow out as complete ii pro- 
gram against the weevil as ho can, because each effort reduces tlie 
total infestation of his neighborhood. 

7. CLIMATIC CONSIDERATIONS. 

The climate of the hibernating season of 1906-7 was very unusual, 
so much so that the boll weevil hardly became quiescent, and 
emergence was largely during March, whereas normally it as in 
April. The boU-weevil parasites mature simultaneously with th' 
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great wave of boll-wee-^ emergence. A glance at the accompanying 
diagrams (figs. 4, 5) will show that in Louisiana the monthly mean 
temperature was from 3° Fahrenheit (November) to 10“ (January) 
liigbor than the normal, and b Texas it varied from normal 
(.\\,vember) to 10“ above normal (March) during the entire rvinter. 
On the other hand, the accumulated moisture from November 1 
1906, to March 1, 1907, in Louisiana was 5 inches below normal and 
in Texas 1 inch below normal. 

Cotton was planted m March and April (1907) and normally would 
have squared m May and June, but it was retarded a month by the 
low temperature in April and May, during which months the monthly 
mean temperature was 2“ to 3“ below normal in Louisiana and 
3“ to 6“ below normal in Texas. In addition to the cold of the 
spring, the precipitation m Louisiana from March 1 to July 1 
was 7 inches above the normal and in Texas 2 inches above. This 
cold and the presence of volunteer cotton tided the boll weevil over 
until the planted cotton was up. The parasites were obliged to seek 
cohosts from March 15 until late in Mayor b June. The cold, damp 
weather undoubtedly retarded their development so that the first 
generation was ready to attack such boll weevils as were breeding 
late in May and early in J une. As only a few fields held tbs advan- 
tage to the parasites, these fields naturally became much better 
stocked with parasites, as has been pointed out in another paragraph 

The summer and early fall months showed a slight deficiency in 
rainfall and a slightly bghcr mean temperature— to such an extent 
however, that the season was considered dry, for the cotton did not 
pul on a very luxuriant foliage, and thus gave the sun plenty of play 
(in the fallen squares. The result is evidenced by the high percentage 
of mortality from heat shown in the mortality tables. The increase 
in ])arasitisni may bo ascribsd to the same cause. 


The mean temperature of October, 1907, was normal in Texas, but 
10° above normal in Ixiuisiana. This warm season was followed by 
11 very sudden drop in temperature on November 11, the “norther” 
liwimg until the 15th. This caused the November mean in both 
htates to bo 3“ below normal (Texas 53“ F., Louisiana 56“ F.). In 
loth States during this one month the precipitation was 3 inches 
ahoTc the normal. In northern Texas about 30 per cent of the adult 
iieevils were killed by cold. The temperature at Dallas > reached 

experienced in 

. b and 21 lower than at any time b November, 1905 The boll 
perils we re not prep.%r ed for tbs cold, as they were stiU in great 


E™ 'DauLTd*'-^ “7 and the scU-regfeterfag thermograph al the 


16844°— Bull. 100—12 — -3 
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numbers on the plants and many immature stages were developing 
in green squares and bolls. 

Table XVIII gives the results of the examinations made immedi. 
ately after the freeze. 


Table XVIII. — Mortality of the boll weevil in Texan, November, 1907, 


Place. 

Date. 

Form. 

Location. 

Condi- 

tion. 

Stages. 

Mortal- 

ity. 

Mort^ity due to-- 

Cold. 

'If 1 Otl», 
Sites. |caasf.s. 


1907. 
Nov. 14 
...do...,. 
Nov. 15 
Nov. 19 
Nov. 20 
Nov. 14 

Squares... 

. . .do 

...do 

. . .do 

Fallen. . 

...do 

Plant... 
...do 

Gracn. . . 

Dry 

Green. . . 
...do 

93 

lot 

2 

8 

13 

S 

7 

56 

21 

16 

27 

Perct. 

97.7 
47.0 

100.0 

100.0 

100.0 

30.7 
37.5 

100.0 

96.3 

95.2 

100.0 

100.0 

Per ct. 
96.7 
36.4 
100.0 
100.0 
100.0 
7.6 

Per ct. 
1,0 
5.9 

n. 

Do.. 

Brownwood 



Calvert 

. . .do 

Bolls 

...do 

Fallen... 

.. do 




7,6 

U.J 

;ir,5 

oM 

5(!,(| 



Nov. 15 
Nov. 19 
Nov. 20 
Nov. 21 
...do 



Green.. . 

100.0 
67. i 

38.0 

50.0 

63.0 

3.5 









...do 

. . .do 

. . .do 

...do...,. 

...do 

...do 


Hillsboro 


Totals and 
averages. 

Totals and 

1 




246 

14S 

66.3 

SS.5 

50.8 

40.3 

1,0 

2.0 

2,^ 

»3r,i 

\Bolls 



1 

. 




394 

74.3 

55.3 

3.2 

11 ? 







1 Several. 

i Most of tho <l«^th from “oUier cautses” ia bolls was due to i»rolifcration, which seems lo be sllmulaiwi 
by frosts. 


From this small number of stages no general statement can be made, 
Of the 394 stages 55.3 per cent were kUled by cold. Of the stages 
in green squares or bolls, 93 per cent were killed by the cold. 

The most interesting point is that although 98 out of 100 weed! 
stages in green forms were killed, a parasite larva was found to have 
just hatched from its egg on a weevil larva killed by cold. Three 
other similar cases were found in dry forms. Seventeen cases of 
parasitism were found on the 394 stages. Among these were two 
living eggs of which one was an entirely new type and also two pups 
wdiich proved to be Hdbrocytus piercei. 

The remahider of the winter of 1907-8 -that is, from December to 
March 1 — had a mean temperature a few degrees above the normal, 
but with several severe cold spells. During the four winter months 
the precipitation in both States was above the normal. The short 
cold spells with warmer intervening weather and heavier rainfall 
were disastrous to the boll weevil. The February exammation to 
ascertain the mortality of the weevil indicated about 98 per cent 
mortality. As a result of the extreme scarcity of weevils in the, spim!; 
and summer in most parts of Texas, there was a great reduction m 
the number of parasites. In fact, in the northern portion of the 
Texas black prairie the parasites were forced to seek other hosts. A 
kiUing freeze in November, 1908, again killed many boll weevils. 
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FoIIoivnng the cold of November, 1908, the winter was unusually 
waiffl, being at least 5 ° F. above the normal in both Louisiana and 
Texas. From March 15 to July 15, in both States, the temperature 
was almost normal. However, by this time there was an aecumulated 
ilefu-iency of precipitation in each State of several inches. The 
months of July and August in Texas were extremely warm and many 
places recorded the maximum temperatures for their entire period 
of records. WhUe the heat was less excessive in Louisiana, it never- 
theless reached very high points. This extreme weather during these 
two months had a tremendous effect upon the boll weevil and upon 
it.s parasites, although records taken after some of the hottest days 
showed that the mortality of the boll weevil from the heat was con- 
siilerably higher than the mortality of the parasites of the boll weevil. 
Mter the middle of August a period of renewed growth of the cotton 
plant gave the boll weevil an opportunity for increased development 
ami consequently permitted a large number of weevils to mature 
before the hibernation season. Incidentally with this fall brood of 
weevOs,wefind that there was a very' great increase m the parasites, 
especially in Louisiana. The following two diagrams (figs. 4, 5) 
illustrate the temperature of the yearn under consideration. 

8. now INSECT CONTROL FOLLOWS THE DISPERSION OF THE BOLL 
WEEVIL. 

From an economic standpoint it is very important to know what 
kind of natural control of the boll weevil can be expected in newly 
invaded country. Smee 1904 it has been noticed that maximum 
infestation is generaUy reached by August 1, and that simultaneously 
in extensive dispersion of the boll weevil takes place. At this period 
the boll weevds fly to fields many miles beyond the parasites. The 
climatic conditions during the dispersion jieriod are such as will not 
seriously interfere with prolific breeding of the weevils in the newly 
infested territory. The extent of the dispersion is limited only by 
the number of weevUs flying and tlie amount of food supply available, 
in ihe fall of 1909 the sparse production of cotton in southern Missis- 
sippi brought about a dispersion of 120 miles into new territory. ' 

Our knowledge of the insects which attack the boll weevil shows 
that most of them are derived from the parasites of similar weevils 
that are native to the region infested. Therefore, if parasites and 
predators are present in the invaded region, it is reasonable to expect 
that they will immediately begin attacking the boll weevil. This 
assumption has been proven in many definite cases. At Minden, I.a., 

“1 11106, a parasite larva was found in a green square infested by the 
'st generation. At Roxie, Miss., where the weevils had been present 
oriy a few weeks in September, 1908, ant work and parasite work 
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were easily found. Later in the season of 1908, an isolated infestation 
was found at Koadside, in Yazoo County, Miss., About 40 miles beyond 
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the regular line of infestation, but it was noticeable that the wec'il 
was parasitized in this particular field. 
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9. the status of the boll weevil and its control by insects. 

During the seasons of 1908 and 1909 the examinations of the boll 
^veevil to determine its status demonstrated that there had been a 



tmmendous falling off of the weevil in all western and northern Texas. 
In August, 1909, there was less than 10 per cent infestation in half of 
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Texas and in all of Oklahoma. At the same time a maximum infesta- 
tion was found in aU of that part of Louisiana lying south of the Rej 
River and in Mississippi for about 20 miles east of N atchez. An analv- 
sis of the parasite records for this same season shows that the parasite 
control of the weevil in these sparsely infested regions of Texas was 
very light, whereas the control in the heavily infested regions of south- 
ern Louisiana and Mississippi was correspondingly very high. The 
inference drawn from this observation is either that the boll weevil 
had ceased to be the predominating weevil species for parasitic 
attack in the lightly infested region, or that the parasites had been 
destroyed by the heat. That the parasites were not aU destroyed 
by the heat is demonstrated by many records of the same parasites 
on other species of weevils during the fall and winter of 1909. 

10. A BRIEF STATEMENT OP THE VARIOUS CLASSES OF CONTROL EXER. 

CI8ED UPON THE BOLL WEEVIL. 

Before passing from this part of the report, which deals with the 
general conditions obtaining, it is necessary to say a few words con- 
cerning the classes of control which are of importance in repressing the 
boll weevil. The first agency which is responsible for mortality of the 
weevils is the resistance of the cotton plant to attack, evidenced either 
by the toughness of the plant tissues which must be punctured, or by 
the proliferation of the tissues, which destroys the weevil eggs and 
larv* by crushing. When the infested form falls to the ground or 
withers on tlie plant it becomes immediately a subject for numcrniii 
other factors of control. Intense heat kills many stages. A large 
number of parasite species seek out infested squares for their prog- 
eny; myriads of ants, beetles, and mites find nourishing food by 
merely cutting their way into the infested forms and devouring the 
weevil stages. In addition to these, sudden cold freezes counties! 
numbers of developing weevils. Neither are adults free from adverse 
conditions. Many are killed by heat, or cold, or drowning; many are 
picked up by birds and lizards or preyed upon by other insects; and 
finally multitudes are starved on account of the ravages of other 
insects upon their food supply. In this report we are able to deal 
only with the three factors which are determinable in the control al 
immature weevils, namely, climate, parasites, and predators, 

11. PRACTICAL CONCLUSIONS DERIVED FROM STATISTICAL STUDIES, 

The following conclusions of economic importance have been 
reached from a study of this large series of statistics : 

I. The month of August is the most important month for the con- 
trol of the weevil by insect enemies. As this month is also the most 



BIOLOGICAL COMPLEX. 


39 


important in the control affected by climate, it should be considered 
as one of the most critical times of the year for controlling tlie boll 
,veevil. When a sudden drop in the temperature below freezing 
occurs in the month of November before a large proportion of the 
weevils has entered hibernation, and wliile many arc still immature, 
ail excellent control of the species can be obtained. As, however' 
tliis is only an occasional occurrence, it can not be relied upon and 
every measure possible should have been carried out to prevent the 
weevils from going into hibernation at all. 

II, Hanging squares are the most important infested parts for the 
work of parasites, and fallen squares in a similar degree for the work 
of the predatory enemies. It has been demonstrated also that in 
certain years the total control by all agencies is greater in hanging 
squares than in fallen squares, and furthermore that in the more 
huiuiii States this condition is the prevalent one. 

III. It lias been shown by examples that the total mortality of 
the weevil can be increased in proportion as the number of hanging 
squares in a given area is increased and likewise that the pro- 
portion of parasites to weevils is increased. It is therefore recorn- 
moiided that plant breeders attempt to develop varieties of cotton 
which will retain the squares, but will also have the other desirable 
varietal characteristics necessary for the production of an early 
cotton crop. 

I\ . riie insect control of the boll weevil is dependent in a largo 
measure upon the operations of the farm and for this reason all those 
held practices which have been included in the system of cultural 
control of the boll weevil arc further recommended as tending to 
increase the insect control. 


PART II. BIOLOGICAL COMPLEX. 

In Part I of this bulletin one set of facts, composed of statistics, 
was dealt with, and it was merely hinted tliat the causes of these con- 
ditions were very complex. In this part is presented another series 
of facts, even more significant than the first, but much more difficult 
to present in a tangible manner. The study of these biological 
factors received its first impetus when at Clarendon, Tex., in 190r), 
Mr, C. R. Jones and the senior author were fortunate enough to learm 
die biologies of throe species of weevils and to find that all these were 
parasitized more or less abundantly by the same parasites as is the 
boll weevil. It was already known that some of the parasites of the 
boll weevil attacked other weevils, but the significance of this fact 
Mcl not been realized. 
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With this simple beginning the search for other hosts of the boll- 
weevil parasites was started and we have now built up the knowledire 
of the following complex: 

Owing to the complicated nature of the data to be presented in 
this part, these have also been arranged in the following sections: 

1. A list of the insect enemies of the boll weevil. 

2. The hosts of boU-weevil parasites. 

3. Mites which attack the boll weevil. 

4. Flies which parasitize the boll weevil. 

5. The hymenopterous parasites of the boU weevil. 

6. Biological notes upon the parasites of the boll weevil. 

7. The development of the parasites. 

8. The distribution of the parasites. 

9. The parasite sea-sons. 

10. Adjustment to new hosts. 

1 1 . Beetles whieh prey upon the boll weevil. 

12. Lepidoptorous larv® which are incidentally predatory upcj 
the boll weevil. 

13. Ants wlxich prey upon the boll weevil. 

14. Biology of the cohosts of the boll-weevil parasites. 

15. A list of the host plants of the cohost weevils. 

16. A summary of the most important biological facts. 

1. A LIST OF TUE INSECT ENEMIES Ot THE COTTON BOLL WEEVIL. 

The boll weevil is known to be attacked by 29 species of parasites, 
while 20 species of predators attack the immature stages and C 
species of predators attack the adults. Those species are listed as 
follows: 

Arachaida. 

Acarina. Sarcoptoidea. 

Tarsonemidee . Pcdiculoidinse. 

Pedicubides ventricosus Newport (parasite on larva), ^[exico. 

Pedicubides sp. (parasite on larva), Louisiana, Texas, 

Tyroglyphidse, 

Tyroglyphus breviceps Banks (parasite on larva), Texas. 

Insecta. 

Orthoptera. Mantoidea. 

Mantidee. 

Stagmomantls limhala Hahn (predator on adult), Texas. 
Hemiptera-Heteroptera. 

Reduviida?. 

Apbmerus spissipes Say (predator on adult), Texas. 

Colcoptera. Adephaga. 

Carabidse, 

Evarlhrus sodalis Le Conte (predator on adult), Louisiana, Texas. 

Evariknis sp. (predator on adult), Louisiana. 
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In=ecta-Continued. 

Coleoptera. Polyphaga. Diversicomia. 

Canttiaridse. 

Chouliognulhus 3pp. (predators on larva), Louisiana, Mississippi, 

Clerid*. 

Hydnocera palli'pennU Say (predator on larva), Texas. 

Bydnacera pubesam Le Conte (predator on larva), Texas. 

Ciicujidse. 

Calbartus caatix Eeiche (predator on larva), Texas. 

Lepitloptcra. Bombyeoidea. 

.Xoctuidae. 

Alabama argillacea Hubuer (defoliator, outs off food supply). 

Hymenoptera. Formicoidea.' 

Uorylidre. 

Eciton (Acamattis) ammutatum Emery (predator on larva), Texas. 

Poaeridie. 

Ectatomma Mmulalum Olivier (predator on adult) Ciuatemala. 

.Mvrmicidie. Cremaatogasterinae. 

Cremastogaaier lineohia (Say) var. data Mayr (predator on larva) Texas. 
Myrmicidffi. Solenopsidinae. 

Soknopsis geminata (Fabrioius) var. diabola Wheeler (predator on larva), 
Louisiana, Mississippi, Texas. 

Soknopsia molesta Say (=debilis Mayr) (predator on larva), Oklahoma, 
Solenopsis kxana Emery (predator on larva), Louisiana, Texas. 

Myrmiddre. Myrmicinffi. 

Monomorium minimum. Buckley (predator on larva), Louisiana, Mississippi, 
Texas. ’ 

Monomoriwn pharaonu Linnseua (predator on larva), Arkansas, Louisiana, 
Oklahoma, Texas, 

Pheidole sp. aedxjlavem (predator on larva), Texas. 

I'heidole crasaicornia Emery (predator on larva), Texas. 

Dolichoderidae. 

Foreliua maeeooH Forel (predator on larva), Texas. 

Dorymyrmx pyramicus Roger (predator), Cuba. 

Borymyrmx pyramkm (Roger) vsa.Jlavua McCook (predator on larva), Texas. 
Iridomfritiex analis Andrd (predator on larva), Texas. 

Formicidse. 

Formica fuaea aubpolita perpilosa Wheeler (predator on adult), .Mexico. 

Formica pallidi-fidva Latreille (predator on larva), Arkansas. 

Fremlepia imparis Say (predator on larva), Arkansas. 

Hymenoptera. Chalcidoidea. 

Chalc'Ididie. Chalddinae. Smicrini. 

Spiloehalda sp. (parasite), Texas. 

Torymidte. Monodontomcrinte. 

-dkrodontomerus anthonomi Crawford (parasite), Louisiana, Texas. 

Eiirytomids, 

Eiirytoma tylodermatis Ashmead (parasite), Arkansas, Louisiana, Mexico, Okla- 
homa, Texas. 

Bruchophagus henerm Ashmead (parasite), Mexico, 

Eurytoma sp. (parasite), Texas. 


‘ All of these ants have been determined by Prol. WilUaia Morton Wheeler. 
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Insec ta— Continued. 

Hymenoptera. Chalcidoidea— Continued. 

PerUampidse. 

Perilampua sp.* (parasite), Louisiana. 

Encyrtidae. Eupelminae. 

Cerarnbycobiua cyaniceps Asfamead (parasite), Arkansas, Louisiana, Mississippi 
Oklahoma, Texas. 

Cerambycob^iaa cuskmani Crawford (parasite), Texas. 

Ceramhycobiua sp. (parasite), Mississippi. 

Pteromalidse. Pteromalinse. 

Catolaccus incertm Ashmead (parasite), United States. 

CatolaccxLS hunteri Crawford (parasite), Louisiana, Mississippi, Mexico, Texas. 
RahTOcytus piercei Crawford, Louisiana, Texas. 

Lariophagus texanm Crawford (parasite), Texas. 

Eulophidse. Tetrastichinae. 

Tetrastichus hunteri Crawford (parasite), Louisiana, Mississippi, Texas. 
Hymenoptera. Ichneumonoidea. 

Ichneumonid;*. Pimplinae. Pimplini. 

Pimpla 8p. (parasite), Texas. 

Braconid*. Sigalphinae. 

Sigalphw curculimis Fitch (parasite), Louisiana, Mississippi, Texas. 
Urosigalphus antkonomi Crawford (parasite), Texas. 

Urosigdphus sckxoard Crawford (parasite), Guatemala. 

Urosigalphus sp. (parasite), Texas. 

Rraconidse. Braconinae. Braconini. 

Microhracon vulUtor Say (parasite), Mexico, United States. 

Bracouidse. 

Unknown species (parasite), Texas. 

Diptera. Cyclorrhapha. 

Phorid®. 

m^riccp$ Loew (parasite), Texas. 

Aphiochxta faidata Fallen (parasite), Texas. 

Apkiochseta pygmsea Zetterstedt (parasite), Texas. 

Tachinid®. 

Myiophasia xnea Wiedemann (determined by Coquillett) (parasite), Texas. 
Ennyomma globosa Townsend (parasite), Louisiana, Texas. 

HYPERPARASITES. 

Dipteia. 

Plasiopkora (Pseudacteon) crawfordi Coquillett on Solenopsis geminata Fabrif iuj, 

2. THE HOSTS OF BOLL-WEEVIL PAEASITES. 

As has just been stated, the boll weevil has 55 species of insects, 
which are known to attack it. Among the parasites are to be founil 
7 which are occasionally accidentally hyperparasitic. At least 1 par- 
asite is known to attack one of the predators. The accidental preda- 
tor {Alahama, argiMacea) is attacked by 12 parasites, 46 predatoH, 

^ This species may be a p^iasite of a Chrysopa larva or of some lepidopteron which had entered a 
cell. 

* The eaemiesol Alabama arffiVacea Htthner afford some interesting sidelights on the complexilyoi 
biological relations oi cotton insects. 
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nd 1 hyperparasite. Among these 46 predators are 6 which also 
“ ypon the boll weevil. At least 1 very common predatory 
yi ect is known to prey upon many of the boll-weevil predators. 


pifty-five species 


of weevils are known to be attacked as cohosts of 


■ 1(1 species of parasites and of the 19 species of predators which attack 
(lie boll weevil. These 55 species of weevils are known to breed 
non 91 species of plants, most of which are to be found in the vicinity 
oI the cotton fields. Three of these weevils sometimes breed upon the 
cotton plant. Among the great number of parasites which attack 
the 55 cohost weevils, 44 species are definitely known to science and 
,it least 6 species of hymenopterous parasites are known to attack 
these 44 species of parasites. This complexity could be carried still 
further, but probably enough has been stated to show how the many 
influences of nature are dependent upon one another. The state- 
nionts are illustrated graphically in the accompanying diagram (fig. 6). 

The principal point of importance in all of these facts is that the 
boll weevil has been deriving its parasites from these 51 species of 
weevils and from other weevils which are not known to us, and 
tlicre is every reason to believe that some of these other 44 species 
of parasites, or still additional ones to be discovered, may be drawn 
over to the boll weevil as parasites in the future. The weevils serv- 
ing as cohosts and the parasites are listed in the accompanying table 
(fw. 7) in such manner as to show the nature of the interrelationships. 

It will be noticed from this table that 6 weevils, namely, Laria 
salM, Laria e.ngm, Smicranhz tuhercuMus, Ardhmomus alhopilosus, 
Ti/loderma foveolatum, and Trichoharis temna each have 4 of the 
bull-weevil parasites; 4 weevils are attacked by 3 of the parasites, 
l.'i of the weevils by 2 parasites each, and the remaining 37 by only 1 
piirasite each. 

Of the parasites, CerwmbycoUus eyanieeps attacks 18 hosts, Eury- 
toiiia tijMematis attacks 16 hosts, Catohems mcertus 14, Caiolaccus 
hiiiilm 13, and Microbracon meUitor 12. These 5 parasites are also 
rogimled as the most important parasites attacking the boll weevil 
itself. Perhaps tliis importance is due to the fact that they have 
a larger number of native hosts and are hence in greater abundance 
around the cotton fields than the parasites having fewer native 
hosts. 

3. MITES WHICH ATTACK THE BOLL WEEVIL. 


ACARINA. TARSONEMID®. 

The mites of the genus Pediculoides are assuming an important 
role among insect parasites, two species being accredited to the 
boll weevil. 
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PedieuMdes ventrmem Newport (fig. 8). This mite has been 
somewhat prominent in the study of the boll weevil since its firs( 
notice in 1901 (Rangel, 1901) under the name of Pedimloideg vtn- 
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Fig. 6.— Diasram illuBtiatlllg the boll-weeTll complex. (Original.) 


triculosus. Mr. Banks has stated that it may possibly be different 
from the European species, but as it is known throughout this 
country under the above name it is so quoted here. Mr. Rangel 
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Fig. 7.— Diagram giving the parasites oi the boll weevil and their other hosts. (Original.) 



40 insect enemies op the boll, weevil. 

pointed out that these mites reproduce viviparously and t^t their 
offspring are mature and fertile at birth. He found that when they 
attach themselves to a host the abdomen co™ces tu infia,e 
until it becomes many times larger than the tho^. he tin,f 
required for engorgement varies from 2 to 5 days. When the abdo- 
men commences to grow, the young commence to leave the parent. 
The males fertilize the females before leavmg the parent s body ami 
shortly afterwards die. An average of 100 female offspring to an 
individual was recorded. Rangel found that m 48 hours, 21 stages 
out of 40 in squares were attacked by the mites. In laiger senes of 
tests, after four days 50 out of 153 weevil stages m squares were 
attacked, or 32.6 per cent. 




Y:o. a, Ad, .It female before mllation LtureXrgrt 

7, adult female after iuflation of abdon,en »i.b ee-s oad youDg. Greatly enlarged. (Utdta 

Brucier.) 

Pedkuloides n. sp. This mite was discovered in the laboratory ai 
Dallas, Tex., June 13, 1907, by the senior author. Careful ote 
tions on the length of generations were made with the follow = 
results: A gravid female was isolated June 13 and on un 
were 31 gravid mites. All but 5 were removed. On June 1. 
were many offspring, one mite being well grown. 0“ 
fourth generation began to appear. In other word. , 

13 and June 21, that is, in less than 8 p® A isolate,! 

plete generations. Another genealogy was as 

June 13, second generation began to appear June 1 , 
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June 17, and reproducing June 19. On June 24 the third generation 
was reproducing. In this case there were 11 days covering two com- 
plete generations. 

The mites appeared willing to feed on any insect food available, 
as they were first found feeding on stages of TricJioham compacta, 
then on boll-weevil stages, and finally on a Baris, on boll-weevil 
parasites isolated m rearing tubes, and on Hydnocera pubescens. 
They were reared readily on larv* of Chhrion cyaneum and PolistM 
ruUginos-us. Mr. John B. RaUsback, of Forbing, La., found that 
they attacked the larvae of the boUworm and other smooth cater- 
pillars very readily. 

TYBOQLYPHTD.E. 

Tyroglyphus irmcepa Banks was described as a weevil enemy 
from Victoria, Tex. This, or a similar mite, was found to be very 
abundant at Calvert, Tex., in 1906. 

4. PLIES WHICH PARASITIZE THE BOLL WEEVIL. 

Very few Diptera are known to be primarily parasitic upon boll 
weevils, but the genera Myiophasia and Ennyomma in the Tachinidie 
seem to be confined to hosts of tliis nature. The genus AphiocliEeta 
of the Phoridae, contains at least 3 species wldch have been reared 
under circumstances pointing to primary parasitism. The larvte of 
the taelunids work singly and those of Aphiochseta several to a host, 
but in both cases as endoparasites. When the former become full 
grown they completely fill the skins of the weevil larvro and fre- 
quently the appendages of Myiophasia penetrate to the exterior. 
The weevil skin partakes of the character of parclunent and becomes 
a cocoon ivithin which the fly larva pupates and from which the 
adult emerges. On the contrary the Aphiochaeta larvie leave the 
host when they have reduced it to a shell and pupate in the weevil 
cell. 

The flies evidently prefer to attack weevil stages in moist, shaded 
spots in preference to sunny locations. By this habit they become 
iciy valuable in fields located in bottom lands where the dry condi- 
tions conducive to parasites like the hymenopterous parasites are 
absent. The puparia of Myiophasia and Ennyomma are so near 
like that of the chalcidoid internal parasite Tetrasiichus Imnten that 
they can be differentiated only by the larger size of the dipterous 
puparia. 

PHORID.*. 

ApUockxta nigriceps Loew (determined by D. W. Coquillett). 

Aphwclsetafa^eiata Fallen (determined by D. W. Coquillett). 

Aphiochxta pygmxa Zetterstedt (determined by D. W. CoquiUett). 
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On September 12, 1906, in dry hanging bolls collected at Dallas 
Tex., a weevil larva was found parasitized and isolated in a separate 
tube, ivith the following record; “Very small parasite larva on small 
weevil larva.” On September 26 a single specimen of ApMoc/ia), 
nigriceps Loew was reared and the following note made by the 
senior author: “Found dipterous puparium, skin of hairy pajj. 
site larva (may be the dipteron or a hymenopteron) ; also remains 
of weevil larva.” On October 6, 1906, in hanging bolls collected 
at Dallas a weevil larva was isolated with the note, “Weevil lanj 
full of dipterous larvae.” Eleven larvae left this host larva and 
pupated. On October 29, 7 AphiochxUi (1) fa^data Fallen and icvo 
A. pygmxa Zetterstedt were reared. At least the latter case seems 
be very strong evidence of primary parasitism. These flies are rearoj 
frequently from bolls and many are perhaps scavei^ers. Two other 
species, A. epdrm Brues and A. scalaris Loew, have also been roared 
from cotton forms at Calvert, Tex. Records made in 1911, at Ta|. 
lulah, La., by Mr. Harry Pinkus, point conclusively to primary 
parasitism. 

TACHINID.E. 

Myiophfisia lenea Wiedemami is recorded from a number of very 
important weevils. Of these, Baktninus msicus Say (the acorr 
weevil), Conotrachelus juglandis LeConte(the walnut weevil),, 1)„|„. 
loglypte.r sesoslris LeConte (the grapevine gall-maker), Conotmchhii 
affinis Boheman (the hickory-nut weevil), and Conotracheivs elegmi 
Say ( the pecan-gall weevil) are aU weevils which enter the ground lot 
pupation, carrying their parasites with them, and consequently ii 
becomes necessary for the flies to emerge from the weevil cell tliroiigli 
several inches of earth before attaining freedom. The only yveeriL 
which this fly attacks and which do not enter the ground for pupatioi 
are the boll weevil and Trichobans emipacta Casey (the Jamestoiyii- 
weed pod weevil). Very few records have been made to asceitaiii 
its developmental period, but the three records at hand indicate from 
22 to 29 days as the period from collection of the infested material 
to the maturity of the fly. This period would cover largely the under- 
ground period only. 

Ennyomma (Locrom) ghbosa Townsend. Several specimens of 
this fly were reared during 1907 by Mr. C. R. Jones at Alexaiidris, 
La,, as primary para,sites of the boll weevil. It is a very foinffion 
parasite of Chalcddemius xneus Boheman (the cowpea-pod yveevil; 
in the Southern Stales. 

5. THE HTMENOrTEnOUS PARASITES OF TUB BOLL WEEVIL. 

So much information has been gained concerning the hymenopfen 
ous parasites of the boll weevil that it will be necessary to omit 
many of the technical facts learned about them. The present sec- 
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^on is concerned with the sources of the parasites and with important 
* . rds of their occurrence, while the other interesting facts to be 

j\H‘or , . f_ii_ ‘ .• 


prc 


escnted are included in the five following sections; 


CHALCIUOIDEA. CHALOIDID.E. CBALC1DIN.B, SMICELM. 


Spilochalcis sp. A single male of this species was found dead in a 
ecvil cell with the remains of the weevil and its own exuvium in a 
banging square collected August 10, 1907, at Victoria, Tex. 

T0RYM1D,E. MONODONTOMEHINjE. 


]licrodont<nrierus anihonond Crawford (fig. 9). BmcTiytarsus alier- 
nabis Say was formerly the only weevil recorded as a host of this 
species- A male and female of this parasite were reared on Septem- 



Fig. 9.— -WeroffoTWonwru* an/ftoJWJni.' Adult. Much enlarged. (Original.) 

licr 12, 1907, from pods of the flowering .shrub Arrwrpha fruticosa, at 
Dallas, Tex., which were highly infested by (Bruchus) Laria exigua 
liorn. In 1906, in which year this parasite was first discovered, it 
ranked as seventh species in importance as a boll-weevil enemy. 
In 1907 it advanced to fourth place and was very important in the 
central black-prairie region of Texas. In 1909 tire easternmost 
limit of our records was Tallulah, La., which did not become infested 
iiy the boll weevil until 1908. 


E rE YTOMID^ . E UR YTOMI NI . 

huryioma tyhdermatis Ashmead (Bruclwphayus lierrerx A.shmead) . 
This is without doubt one of the most important species under 
consideration, having a range of distribution practically coexten- 
16844°— Bull. 100—12 4 
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sive with that of its host, the boll weevil. In previous publj. 
cations it has been recorded as a parasite of iixus muscuJm Say, y 
serohicoUis Boheman, Apion segnipes Say, Anthmomus AcferoftfQ 
Pierce, Anthorwmus sqwvnomiB LeConte, Tyhdenm foveolatum Sav 
and Orthons crotckii LeConte. To this list may be added (Bruchix) 
Laria exigua Horn in Amorpha pods at Dallas, Tex.; {Bruehii) 
Laria saUxi Sharp in pods of huisache ( VacheUia famesiana) col- 
lected at Victoria, Tex.; Spermophagus robinix Schonherr in pods of 
the honey and water locusts ((rZedilawi iriacanthos and 0. aqualicq) 
in Louisiana; Macrorhoptus sphxmldx Pierce in pods of Sphxrald/i 
at Del Rio, Tex.; Smicravlax tuberculatus Pierce in mistletoe stems 
at Dallas, Tex.; Tnchobaris iexana LeConte in stems of Sohnvn^ 
roslmium at Cisco and Victoria, Tex.; and also Trichoiaris trinotata 
Say; and finally it was reared in September, 1908, from Baris sp. in 
roots of ambrosia at Camden, Ark., by C. E. Hood. 

Eurytoma sp. A female primary parasite and a male accidciitaUy 
secondary on Microhracon mMitor Say were reared from hanging 
squares collected August 10, 1907, at Victoria, Tex. 

FERILAMPID.*. 

Penlampus sp. A single individual was reared from the boll wewil 
in an isolated weevil cell by C. E. Hood from squares collected Sep- 
tember 7, 1907, at Shreveport, La. Another specimen of Perilampns 
was reared from squares collected at Granbury, Tex., August 8, 1901, 
but its source could not be proved. If it were not for the defmiie 
record made by Mr. Hood these species could hardly be placed in 
this list. This record may possibly be based iipoTi the parasite of an 
intruder in the weevil cell instead of upon the weevil itself. It is 
not impossible that after several years this parasite may be foimil 
normally as a boll-weevil parasite, as was the case with Sigalplm 
curculionis. 

ENCTBTID^. EUPELMIN®. 

Ceranibycohius cyankeps Ashmead. The list of hosts of this spn- 
cies as previously recorded included Anthonomus albopilosus Dietz, 
(BrucJius) Laria obtecla Say, L. exigm Horn, Lixiis musculus Say, 
Trichoharis kmna LeConte, and Tyhderma foveolatum Say. To this 
list may be added Laria bisignata Horn in pods of Acuan ilUnoensu; 
L. oehracea Schaeffer in pods of Vida sp.; L. salbd Sharp in podsol 
huisache ( Vachellia famedana) ; Spermophagus robinix Schonherr in 
pods of Gleditsia triacarUhos at Alexandria, La.; Lixus scrohicolhi 
Boheman in stems of Ambrosia trijida and A. psilostachya; Ap'm 
rostrum Say in pods of Baptisia tinetoria at Washington, D, C.; 
TachyptereUus quadrigiibus Say in fruit of Cratxgus moUis at Vic- 
toria, Tex.; Smierasdax Uibercvhtus Pierce in stems of mistletoe 
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{pyraietdron Jlavescens) ; Tyehiug sordidus LeCoiite in Baptisia 
pods at College Station, Tex.; Trichobans ampacta Casey in pods of 
paiura stramonium at Paris, Tex.; and, furthermore, on Tjingnria 
.p in stems of Gaura sp. at Ballinger, Tex. 

( twmhyroUus cushrmni Crawford. This parasite was reared in 
numbers as early as 1906 in southern Texas from the boll 
weevil. It has been reared from Laria ochraeea Schaeffer in pods of 
Vida sp.; from L. sallmi Sharp in pods of Vac.hdliafarne.suim; from 
Aisiccrus fascieidatus DeGeer in fruit of chinaberries ( Melia azeda- 
j-acli) lit Victoria, Tex.; and from Trichobans texam in stems of 
Sdiinmn rostratum. 

Cd'OTobycobius sp. On February 23, 1909, a male of a green species 
of Ccrambycobius was reared from the weevil in squares collected at 
Xatchcz, Miss., January 19. 

PTEROMALID,®. PTEROMAlJN.fi. 

Catohccus hunteri Crawford. This is the species which in all pre- 
vious articles on the boll weevil has been known as Catohccus incerius. 
Its hosts as now known are Laria eompressicomis Schaeffer in pods of 
AemniUmenm; TachyptereUrts qmdrigibbus Saj in trait oi Cratxgus 
spp.; Smicrauhx tuhereuhtus Pierce in stems of Plwradcndron Jlaves- 
ems; Anlhonomus xneohis Dietz in buds of Sohnum spp. ; Anthono- 
tiitfs alhoinhsus Dietz in seeds of Croton sp.; Anthonomus eugenii 
Ciino in fruit of pepper (Capsicum spp.); Anthonomus hete.roihecx 
Pierce in heads of Heterotheca subaxiUaris; Anthonomus nehuhsus 
be Conte in buds of Gratsegus spp.; Anthonomus signatus Say in buds 
of dewberry (Eubus spp.); Anthonomus sqmmosus Le Conte in heads 
of Orindelia sqmrrosa nttda; (AcaUes) Gerstxclceria nohilisLo Conte in 
joints of Opuntia spp. ; Zygobaris zanthoxyli Pierce in berries of Xan- 
thiijluin dava-herculis. 

Catohccus incertus Ashmead. This parasite is also very common 
mid is knoivn from a considerable number of hosts, among which are 
Lima exigua Le Conte in pods of Arnorpha fmfieosa; Apion decolora- 
iiiic! Smith in pods of Mribomia paniculata; Apion griseum Smith in 
pods of Phaseolus spp. ; Apion nigrum Smith in buds of Robinia pse.u- 
(kicada; Anthonomus ahopihsus Dietz in seeds of Croton spp. ; Antho- 
imims aphanostepU Pierce in heads of Aphanostephus slirrobasis; 
Anthonomus fulvus Le Conte in buds of CaUirrhoe involucrata; Antho- 
Ji'iinus nigrinus Boheman in buds of Sohnum carolinmse; Anthonomus 
si'jnatus Say in buds of strawberry (Fragaria virginiana); Auleuies 
Mmiipcs Dietz in buds of Qalpinsia hartwegi; Ceutorhynchus n. sp. in 
ici'own of Selenia aurea; Paris cundpennis Casey in roots of Heknium 
I tinuifoliuin and Cahndra oryza Linnseus in corn 
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Habrocytus piercei Crawford. Tliis is a brilliant green parasite 
resembling Catolacms anthorumi Ashmead. It is reared from the boll 
weevil mainly in the fall and from hibernated individuals in spring, 
It has been reared from Laria cmnpresdmmis Schaeffer m pods 
Acmn illiiioensis. (See fig. 10.) 

LariopMgus temnus Crawford. There is every evidence that thb 
species is a true parasite of the boll weevil, although it has not teen 
positively reared by isolation from the boU weevil. On August !7 
and 27, 1907, two specimens were reared from material collected at 
Hallettsville,'Tex., August 13; on August 19 and p three spccimom 
were roared from cotton squares collected at Victoria, Tex. ; on August 
29 three specimens were reared from squares which were collected at 
Eagle Lake, Tex., on August 14. The Victoria lot was peculiar in that 
it furnished the fimt records of CerambycoUus cashmani Crawford, 
Spilochalcis sp., and Eunjtoma n. sp. This species is described as a 
parasite of (Bruehus) Laria prosopis Le Conte. It 
undoubtedly also attacks L. sallsai Sharp, which 
also breeds in the pods of huisache , furtherniorp, 
tlie species was reared from stem galls of Leumyrk 
spinosus containing Anthemrnus ligatus Dietz. 

Tetrastickus hinUn Crawford. This interestin; 
new parasite of the boll weevil was first reared in 
the fall of 1908 from isolated parasitized individiuli 
of the boll weevil collected at Natchez, Jliss., liv 
II. S. Smith. It is internal in weevil larvEC miJ 
pup® and has even been reared from immature 
adults. A parasitized individual can easily he told 
by its brownish color and smoothening of the vari- 
ous segmental wrinkles. In more advanced staps 
of the parasite’s development, the pa,rasitized in- 
dividual becomes a mere brown skin of parchment. This skin senvi 
as puparium for the parasite. The developmental period is of ooii- 
sidCTable length in the fall. Specimens isolated m November d( 
not mature until April or May. In 1908 it was found only at Nidchpi 
MLss and Monroe, La., but in 1909it was reared at a numberot place 
in Louisiana and also at Arlington, Tex. This species gives an b 
cellent example of the adjustment of native parasites to tlie bol 



FIG. \Q.— Habrocytus 
pkrcei: Pups. Much 
enlarged. (Original.) 


weevil. 


ICHNEUMONOIDEA. ICHNEUMONID.®. PIMfUNlE. 


Pimpla sp. On January 27, 1909, a larva of this species iva 
isolated from a weevil larva in squares collected at Nacogdoches, i - 
Thhs became a mature female on February 23. 
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Sigalphiis eureidionis Fitch. Previous to tiie summer of 1908 the 
first record of rearing this species (see fig. 11) from the boll weevil was 
considered doubtful, but beginning in August it was reared repeatedly 
ill material from Ruston and Monroe, La., and Natchez, Miss. Its 
Ollier hosts are Conotrachdus affinis Boheman in hickory nuts; Cono- 
trachdus elegans Boheman in petioles of hickory at Dallas, Tex., and 
in galls of Phylloxera devastatrix on pecan (Jlicoria pecan) at Dallas 
and Victoria, Tex.; Conotrachdus juglmdis Le Conte in walnuts [Jug- 
Jans nigra); Conotrachdus nenuphar Herbst in fruit of plum, peach, 
etc.; Tyloderma fweolatum Say in stems of Oiuujra hiennis at Wash- 
ington, D. C. ; Trichobatis fexana Le Conte in stems of Solanuin rostra- 
tuiii; Trichobaris trinotaia 
Siir in stems of potato (Sol- 
finum /uierosum); and Zygo- 
kns xanthoxyli Pierce in 
seed of Xanthoxylumclam- 
hrnilis- 

I'rosigalphus anthorumd 
Crawford has never been 
reared since the original 
locords which were made 
at Brownsville, Tex. Ew- n.—Sigalii/ua cumiUmw a, Male; I, lemale; e, an. 

Urosigalphus schwarzi (Alter Rlley.) 

Crawford. This Guatemalan boll weevil parasite has never been 
roared in the United States. 

Urosigalphus n. sp. At Arlington, Tex., in 1909, a single specimen 
was reared from an isolated cocoon. 



BBACONIN.e. 


Mkrohracon mellitor Say.‘ This parasite (see fig. 12) still holds 
the lead as the most important boll-weevil parasite. Its other 
host relations are only partially discovered. The following hosts 
have been ascertained: Desmans scapalis Le Conte in heads 
of Sideranthus rubiginasns; Smicraulax tuberculatus Pierce in 
stems of Phoradendron jlavescens; Anthonomus albopilosus Dietz in 
^1 of Croton spp.; Anthonomus eugenii Cano in fruit of pepper 


li,i r '"'“'f '>r d*") ® » Parasite of tho losser pouck borer pic- 

Mrii ™d of the peach borer ISannimidm ailima Say). The gregarious habit of tlicso 
Lid 1 J H was incorrect. Mr. E. E. Brooks, of West Virginia, has rur- 

:(>ri w alsolrom (^opwiius Say at French 

‘ ho r .nrod f B determinations were made in the Bureau of Kntomology. Dr. F. H. Chittenden states 
' Ilil Tl Ii c,w Strawberry leaf-roller, A xylis compfana Froelich (/rajoriie Walsh and 

i irtim “ prabable Uiat all parasites of f.epidoptcra determtaed as 

i lir,ffli,liable he tepWoPteraus and coleopterous parasites are not dls- 

KJI Ilii' IPOiilhLre,, “•'“dtere. but are so different In habits that it is considered advisable to 
j P parasite Microbracm Smaam Say and the coleopterous parasite M. mellitor Say. 
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(Capsicum spp.); AnihonomMS fvUmis Le Conte in buds of CoMinloi 
involucrata; Antfwnomm squamosus Le Conte in heads of Grindelk 
squarrosa nuda; Conotrachelus nenuphar Herbst in peaches; Tylodenr,^ 
joveolatum Say in stems of Onagra Uennis; Craponius inseqwdis Say ij 
fruit of grape ( Fitis spp.), and Baris sp. in roots of Ambrosia sp. 

6. BIOLOGICAI.. NOTES UPON THE PARASITES OP THE WEEVIL. 

A number of very interesting facts, which deserve mention in aj 
economic bul]etm,havebeen learned about the biology of the parasites 

ABUNDANCE OP PABAflITES. 

It is unusual tor the parasites of the boll weevil to be found flyine 
in numbers. Their work is in a general way quietly and unnstenia- 
tiously done, but occasionally it is the privilege of the observers tn 
see swarms of parasites hovering around the food plant of their 

favorite host. At f'lai. 
endon, Tex., in August 
and September, 1905, Mr, 
C. E. Jones and the sen- 
ior author rvitnessed large 
numbers of Microlmem 
nuperus and Tetrastiehs 
sp. hovering around tlie 
highly infested pods oi 
Mentzelianuda. The par- 
asitism in pods gnthereil 
at this time was so high 
that much superparasit- 
ism by Tetrastichus ujioe 
theMicrobracon occuitoJ. 
At Kuston, La., in Ock- 

Fig. 12.- Adult. Mucheutorged. (From 1907, tllC Senior 

HauteraudHluds.) 

hunteri, flying in all directions and resting on the floweis anJ 
leaves of HeUroiheca mhaxUlaris and found a very high parasitkii 
of Anthoiwmus heterothecx by this species. In November, 190\ 
in this same field at Ruston, a very high percentage of parasitism 
of the boll weevil by Catolaccus was found. In September, 190s, 
Mr. Hood saw many species of parasites around the flower heaik 
of Vemonia at Camden, Ark. During the same month Mr. II. -r 
Smith found Catolaccus hunteri swarming on Croton capitatus ooiilam- 
ing Anthmmus albopUosvs. Such observations are very importaiii 
because they suggest excellent sources for parasites to be usee ^ 
introduction experiments or suggest forcing of the parasites to the 
boll weevil by the elimination of the host. 
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The feeding habits of adult hymenopterous parasites have long 
escaped observation, but within recent years the intensive study of 
parasites has proved that very little can be accomplished in the prop- 
agation of parasites unless they can be fed. In the case of the para- 
siU>3 of the boll weevil it is impossible for the adults to obtain nour- 
ishment from the host in which they are ovipositing, as has been 
proven in the case of parasites of externally feeding insects The 
host plant of the boll weevil, however, furnishes the desired food. 
The nectaries of cotton are about as plentiful as those of any other 
phiiit. The majority of varieties of cotton have three large nectaries 
on the leaves and also have them on the outside and inside of the 
involucre, as well as on the inside of the flower. Frequent observa- 
tions of cotton plants which were producing considerable nectar have 
enabled us to observe practically all of the parasites of the boll 
tveevil, as well as all of the ant enemies and many othei’ insects. 
Some of these insects which visit the nectaries are injurious to the 
cotton plant, but the majority seem to be beneficial. 

The quantity of nectar secreted by various varieties of cotton is 
quite variable. The variety which seems to secrete more than any 
other winch has been observed is the Egyptian Mt Afifi . This variety 
i» frequently surrounded by large numbers of beneficial hymenop- 
tcrous insects, although at the same time it appears to be very sus- 
ceptible to boll weevil attack. 

HELIOTROPISM. 

The majority of the hymenopterous insects which have been under 
observation in this investigation appear to be positively lieliotropic. 
In general this tendeiicy can be utilized in rearing-cage technique to 
induce the parasites to go into small tubes placed in the rearing boxes, 
from which they can be easily removed. It has been noticed in 
reining cages in wliich there were growing plants with plenty of food, 
uir, and heat, that the para-sites sought the lightest portion of the 
tiige rather than the plants wliich could give them some shade from 
the hot sun. 

The activity of the parasites is greatest when the sunlight is most 
intense. Observations at the nectaries of the Egyptian cotton con- 
liimed this. When the sun was shining the parasites were very 
active at the nectaries and flying around the plants, but when a 
f oud passed over they seemed to disappear entirely. On cloudy 
days none of the Hymenoptera, except the most industrious bees and 
^yisps, was to be found at the nectar. Treleasc (187B) states that 
t e extrafloral riectar of the cotton plant is far more abundant 
tiling mght and in the early morning than at any other time, and 
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this is true whether we consider the involucral or foliar glands. Tlie 
parasites probably frequent the nectaries during the morning sunligh; 
hours and then are equipped to go about their other duties during the 
hottest part of the day. 

In addition to these actual observations as to the preference of 
parasites there are other very strong proofs of heliotropism. It has 
been found that there is a decided increase in the parasitism of weevil 
stages in hanging forms exposed to the sun over those in fallen fonna 
which are more or less shaded. It is also apparent that the fallen 
forms most exposed to the sun receive the greater amount of para- 
sitism. Among the hymenopterous parasites there is only one at 
present which seems to prefer a moist shady place for its worh. 
This is Tetrastichus hunteri Crawford, which is an internal parasite. 

SEXES. 

A numerical study of the records of rearing of parasites from tlit 
boll weevil shows that in the majority of the species the males are 
relatively fewer than the females. The following table will show the 
percentage of each sex and also the number of parasites upon which 
these percentages are based. 


Table XIX.— Relative percentages of the seree of boll-weevil parasites. 


Species. 

Total in- 

Percentage of sews, 

dividuals. 

Female. 

Male. 


980 

809 

429 

Per cent. 
60. 78 

PfTCc/l!. 


81.12 



30 

100.00 




71.88 

2s, 12 


509 

70. 34 

2y,(-. 


1 

8 

433 

2 

2 

0 

KKi.iVi 


64.90 

50.00 

oO.OO 

35. W 


Ji), ii! 


223 

84. 76 


2 

50.00 



13 

41 

61.51 

100.00 






OVIPOSITION. 

It has been found by numerical study of the large number of para- 
sites collected during the last five years that whenever the parariti^ni 
in a field reaches between 50 and 70 per cent there is a strong likeli- 
hood of reduplication, with resulting superparasitism. Tlio e.vact 
records of superparasitism obtained in this investigation have been 
published in another article (Pierce, 1910). Parasites have no poivcr 
of discerning the presence of another egg on the prospective hosts 
and hence there occurs at times a tremendous duplication of eiieigia ■ 
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It may therefore be possible that a parasite will visit the same square 
several times and oviposit. In general it may be said that as the 
riniiiry parasitism of the boll weevil increases tlie supor|)arasitism 
i^lso increases, with the result that sometimes the parasitism might 
i,(> considerably increased if every egg reached a single host. The 
following instances will illustrate this. At Calvert, Te.v., 41 stages 
,vcre attacked by 44 parasites, although only 36.5 per cent of the 
weevils were parasitized. If every parasite egg had reached a host, 
tlicrc would have been 107.3 per cent parasitism. At Dallas, Tex., 
„iit of 309 weevil stages, 44.6 per cent were attacked by LUO parasites. 
Xlic possible parasitism was 69.0 per cent. Many other instances of 
tiiis kind could be given, but these two cases illustrate the condition 
ptM'fec'tly as it exists in many places during the fall of each year. 

The time for oviposition apparently differs for the various species. 
}liirobracon meUitor, as a rule, oviposits before the boll-weevil larva 
liiis constructed a cell, that is, several days before the flared square falls 
or dries. Eurytoma iyloiermalu appears to oviposit in squares on the 
plant after the normal time of falling and hence is more important in 
hanging dry squares. Catolaccxis spp. and Microdontomerus anffw- 
iwini favor fallen forms for oviposition. The chalcids generally 
oviposit after the weevil larva has formed its cell. TetmsiicJius 
Imitfi is most frequently found in fallen squares. 

7. the development op the parasites. 


The eggs of the boll-weevil parasites are all oblong-elliptic and 
oither smooth or sculptured. The eggs of several s])ecics have at 
line or both ends a small tube which is tied into a knot. Six types of 
eggs of the boll-weevil parasites have been closely observed and 
ih'signatecl by number in the records of rearing. These are illus- 
trated on Plate IL The eggs of all the boll-weevil parasites are 
placed in the weevil cell or on the larva or pupa and usually without 
injuring the latter. 

Type I. Type I is the egg of Cerambycohius cyaniceps. It was 
drtermined for the species by the use of a mica plant cage in which 
the parasite was isolated with newly infested squares. This egg is 
about 0.8 mm. long, pure white, cylindrical, unsculptiircd, and with 
a narrow neck, which is twisted into a knot, probably b}^ the ovi- 
positor after the hitter has released it. (Plate II, fig. 3.) 

Type II. This is lire egg of Microdontomer-us anthmomi, as shown 
the rearing of an molated specimen. The color is white, the egg 
eiug distinguished by the slightly papillose sculpture and by the 
ttipple at one end. It meas 
tfeadth, (Plate II, fig. 1.) 


It measures 0.38 mm. in length and 0.11 mm. in 
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Tme 7/7.— This is the of Eurytorm tyMerrmtk, found by the 
isolation of a larva seen in the act of hatching, collected at Dallas 
Tex., August 22. The egg is dark-gray and thickly covered wiih 
spines. It measures 0.68 mm. in length and 0.21 mm. in breadth 
The process at one end is frequently twwted. (Plate II, fig. 4.) 

fypf jy This e^ was practically identified as that of a Cato. 

laccus by isolation of specimens collected August 22 at Dallas, T(,j 
The color is white and the egg is covered with very small tubercles ,,, 
papillae. It is 0.62 ram. long and 0.22 mm. broad. (Plate II, fig, 5 ] 

y This egg was taken only at Glenmora, La., August 2.5, 

on two weevil stages, and has not been identified. It is dark-grai- 
and very spiny, but the spines are larger, longer, and sparser than in 
Type III. The length is 0.44 mm. and the breadth 0.19 mm. (Plate 

’Type VI. This new type was discovered November 14 at Dallas, 

Tex and has not yet been identified. There is no sculpturing what- 
ever.’ It is pure white. The length is 0.85 mm. and the breadtli 
0.19 mm. (Plate II, fig. 2.) 


THE LARV,®, 


The larvae of the boll-weevil parasites live as readily on dead fwil 
as on fresh food. The hosts generally die within a very short time 
after the larvs begin attack. The larvae have been found pretty 
well grown with dry weevU larvae as food. They have been fount! 
on weevil larva and pupae indiscriminately and several times under 
the elytra of teneral or unemerged adults. Just before transfomlK 
from the larva to pupa there is considerable meconial disoliarge, 
The majority of the boll-weevil parasites are external feeders, tat 
the larv» of Myiophada xnea, Ennyomma glolosa, and Taraitich 
UrAen are internal feeders. These larvre kill the host m a short 
time, its akin becoming sliriveled and forming a perfect PUF* 

for the parasite. Pupation takes place within tins skin. (11,111, 

— All the chalckloid parasites have naked pupa. The 
braconids usually form silken cocoons of characteristic size, shape, 
mesh or color. The cocoons of Microbracon meUitor are vmi lan- 
able in size, color, and consistency, so that they appear almost t. 
hdong to different insects. The cocoons of Sigalphus 
generWof a rather bright yellow and with very fine silk 11* 
pupal exuvium of the various species of chalcids and bwe 
Efficiently characteristic to enable a ^kiUed observer to ckUima 

the species after the parasite has left. (PI. HI, figs- , •) 

./ i> '“I"' “ "t 

study of the developmental period of parasites, especial y , 

adult parasite that matures under observation must be 
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-Kissible, for further experimentation or for determination. It is 
^•iilvisable to isolate many of the parasites until the larva is partially 
jeveloped, as the isolation seems to diy out both food and larva. 
[ii the study of the parasites all those in the same stage were placed 
the same tray. When they passed to the next stage in develop- 
[iicnt they were transferred to another tray. In this manner an accu- 
rate record was kept of the development. In order to determine the 
tiital length of the breeding period it seems best to take the total 
peiiod from the collection of the material to the maturity of the last 
specimen and add a plus mark ( + ) to this figure. The total period 
ran hardly be more than 2 or 3 days longer than the longest period 
,!rris obtained, as the egg period is very seldom more than 3 clays. 
’I\i obtain the exact length of the pupal period, the maximum period 
is taken to be the longest time from the observation of a fresh or 
nowlv-formed pupa to maturity, and the minimum time is taken to be 
the shortest period from the observation of the groivn larva to ma- 
tuiily. Having thus accurately defined the pupal stage,, the relative 
limits of the egg and larval stages are obtained by subtracting 
tlio pupal stage from the total developmental period. Table XX, 
which follows, presents all of the available data as they have been 
I'Oilucecl in this manner to show the length of development of the 
vcuioiis stages. It will be seen that most of the species pass their 
entire developmental period in from 20 to 30 days between June and 
October 15, but that after the middle of October the developing 
stages are caught by the cold weather and the development is sus- 
pended until spring. Thus, it is noticeable that parasites becoming 
l.aivie in early October and November have a short larval period of 
probably less than 20 days, becoming pupae before the cold wave 
and passing a pupal period of about 150 days. Parasite larvae 
which hatch a little later are caught in the larval stage and lubernate 
thus for from 120 to 150 days, then becoming pupae and maturing 
in from 15 to 40 days. It will be noticed that Microlracon mellitor, 
Eurytoma tylodermaiis, and the two species of Calolacous have short 
developmental periods during the summer, while the species of 
Ccramhycobius have a little longer period. It will bo noticed that 
Ilahocytiis piercei has only appeared in the fall of the year. Tliis 
species has been recorded four years in succession and never before 
October. On the other hand, Microdoniomervs anthonorid seems to 
be almost exclusively a summer parasite, having never been recorded 
after September. Of course the species of which wo have records 
throughout the breeding season are the ones most important. This 
statement is borne out by the figures on the relative numbers and 
importance of the difierent species. 
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Table XX.— Lengths of developtiumlal ■periods of (he Ml-meml paraMies. 


Species and period. 

June. 

July, j 

August. 1 

Sep- ( 
iemoer. 

)ctobcir 

1-15. 

October 

15-30. 

Novem- 

ber. 

Ix'r, 

liSi- 

IH 

132+ 

T')+ 

l,i+ 

S5+ 

7n+ 

15+ 

S.']+ 

Jfcficrofrrocow mcUitor: 

Egg and larva 

Pupa 

Total 

Habrocj/tui pferai' 

Day*. 

13-19 

2-8 

21+ 

Doy*. 

&-8 

5-7 

13+ 

Days. 

1+15 

+8 

18+ 

Day*. 

+10 

4-8 

14+ 

Day*. 

+20 

1+26 

30+ 

20+ . 
14+ . 

34+ 

+25+ . 
+22 . 
1+33+ . 

2(M0 . 
13 

33-53 

Days. 

9+ 

141-147 . 

150+ 

Days. 

156+ 

21+ 

13+ 

3+138+ 

7-12 

1G+ 







i 






Caiohecui hunterv 

Egg and larva 

Piyja 

Total 

CatolacciLS in^tuf: 

ft-14+ 

6-11 

20+ 

9-10+ 

7-8 

17 + 

1+-17+ 

+7 

21+ 

9-12+ 

6-9 

18+ 

+12+ 

+7 

1+17 

+11+ 

+6 

13-15 

1+15 

6-8 

21+ 

+12+ 

6-9 

18+ 






'.^tai 

Cerainbycobiiis ap.: 

Egg and larva..... 


67+ 

Co+ 

is+ 

Atei 

Cerambycolmui cushmani: 


13+ 

3+ 

16+ 

6-9 

10- 13 
19+ 

11- 16+ 
+9 

20+ 

+10+ 

C-12 

16+ 

16+ 

-12 

28+ 

1+19 

7-11 

26+ 

7-11+ 

7-11 

18+ 

1+20 

+12 

28+ 
















Cerambycoblvs < 7 aniofp«.' 

Egg and larva 

Pupa 

Total 

Ennyomma globcaa: 

10+ 

9+ 

19+ 

18+ 

7+ 

25+ 

120+ 

1.39+ 

+113 

19-3: 

121-1^) 

















Eurvtona tvlodirmatis: \ 

Egg and larva, 

Pupa 

Total 

11-12+ 

17+ 

1+25+1 
+9 1 
21-30 ' 

15+ 

11-36 

5-6 

17-41 

8-9 

7-8 

16+ 

11+ 

1+23 

26+ 

l.')8+ 

20+ 

178+ 


110+ 

13H 

MierodontiiUCTVeS anthonomv 

Egg and larva 

Pupa 

Total 

Myiophasln znea: 

20+ 

1+15 

+7 

21+ 

26+ 

+11 

32-37 











1 

1 




+11 






Totai 

pjmpZasp.: 

Egg and larva 



. 16+ 





Kt 

1+ 

^’t 

Total 

cuTculionis: 

Egg and larva 





. 17-204 
. 1+16 
. 33+ 



Total 

Tetrasikhus hunieri: 

Egg and larva 


. 8-lH 
. 1+19 
. 27+ 

h 


. 14+2164 
. 31+ 

. 17+2164 


i 

1 







1 - 

Urosigalpbuf aiUhowmi- 

Egg and larva 



. 6+ 

. 9+ 

. 15+ 











Urosigalpkus sp.: 

Egg and larva 


. 12+ 







Total 


. 15+ 











DISTBIBUTION OP THE PABASITES. 


61 


8. THE DISTBIBUTION OF THE PARASITES. 

Parasites of the boll weevil have been recorded from every part 
of the territory so far invaded. The records are so numerous that 
„ e are able to show statisticaUy which are the most important para- 
of the weevil. The following list gives the species in their 
numerical rank for the entire period from January 1, 1906, to Jan- 
uary 1, 1910, giving only the number which were accurately deter- 
niinedfor each species. The first seven species are the mostimport ant, 
as has been shown in almost every section of this report. The last 
nine species may be considered as more or less adventitious or acci- 
,|pntal. These species may possibly never be recorded again, or, on 
the other hand, they may become in the near future among the more 
important parasites. This very event has happened in the case of 
three or four of the other more important species*. Up to 1906 only 
four of the first five in this list had been recorded from the boll 
weevil. The other species have been added since and some of them 
w ill become very important as the weevils enter the moister wooded 
I'Oiiions of the East. 

T.mji.e XXl.—^h^mer^cttl rank of the panmtee/or the entire period, im to 1910. 


Species. 

Number 

of 

records. 

Species. 

Xiimber 

of 

records. 


2,147 




1,094 


8 


578 



575 



Orambycobimcyaniffpii 

574 



.\ficrodonto7nerus anihonomi 

302 




16$ 



Cmmbt/cobiux cughmni 

76 



curcuUonis 

37 



Htjhrocylus piered... 

36 






I 


A study of the value of these parasites by years has shown that 
the majority of the species had not occupied the same rank in two 
successive years. The accompanying diagram (fig. 13), giving the 
yearly rank of the boll-weevil parasites from 1906 through 1909, 
sIkiws that in each year new parasites were recorded and that in some 
cases these parasites continued to attack the weevil. Microhraeon 
iiifllitor appears to vary but little in importance in different seasons, 
rvlnlo Catohccus hunieri shows increasing importance year by year. 
Some of the other parasites of considerable importance appear extremely 
variable in their relative rank. It will be noticed that Hairocytus 
jnercei has occupied the ninth place three years in succession and 
IS now' m eighth place. This parasite occurs in small numbers, but 
may at any time become a leading parasite m Louisiana and SCssis- 
sippi. In ^addition to giving the yearly rank of the species this 
^ "'so shows the proportion of the sexes observed each year. 
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In order to show the r^ons in which the various species are of 
greatest importance, the accompanyii^ map (fig. 14) is presented 
This shows that while Microbmeon meUitor has yielded more individuals 
than the other species, it is the predominating parasite in by far tlie 
larger proportion of the infested territory. It can also be seen that 
much more can be expected from the other parasites as the weevil 
moves eastward into their territory. Microdmtomems anthonorni is 
quite important throughout the central black-prairie region of Texas. 
Eurytoma tylodermatis is more important in north-central Texas and 
also in the coast region of Texas. Cerambycobius cushmani is charac- 


1906 1907 1908 1909 



Fio. 13.— Diagram Illustrating yearly rank of the boU weevil parasites, 1906, 1907, 1908, and isw. 
(Ordinal.) 


teristic of the counties grouped around Victoria County, Tex., but a 
few specimens have been reared from the boll weevil at Alexandria, 
La., by Messrs. Cushman and Jones. 

9. THE PARASITE SEASONS. 

For the convenience of this work on parasites of the boll weevil, 
the year has been divided into definite parasite seasons correspond- 
ing with certain groups of conditions. The year opens with the 
hibernation period well underway. In so far as the parasites .are 
concerned those which hibernate as immature insects mature gen- 
erally about the middle of March. This marks the end of the hiber- 
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nation period or mnter season and the opening of the spring season, 
prom March until the middle of June or sometimes July there are no 
(Otton squares for the weevils to breed m. Consequently the para- 
sites are obliged to seek other hosts. The summer season is defined 
beginning with the production of squares in which the weevils and 
tlieir parasites may breed. Thus this season continues until squar- 
ing ceases that is, until late in the fall when cotton is killed by frost 
arid is succeeded by the winter season. However, we frequently dis- 
tinguished ufaU or postmigmiion season, which begins with the firet 



Fb. 14. -Map showing the distribution of the more Important parasites of the boli weevil. (Original.) 


iltack of weevils upon the bolls in August and ends with the heavy 
irosts in October or November. The fall season is also character- 
ized by a renewed growth of squares. 

I. THE HIBERNATION OR WINTER SEASON. 

The most important parasites which winter as immature stages 
"pon the boll weevil are Mkrohracnn mellitor, Oatolaccus liunferi, Ceram- 
hcohus cyanicei)s, Eurytoma tyloderrmtis, TetrasHchus hmteri, and 
mrocytus piercei. The last two species arc characteristic of 
*nter examinations in Louisiana and Mississippi. The predatory 
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coleopterous larv® EyAnoeem ‘puhescens LeConte and H. paUipennig 
Say are very frequently found hibernating as larvse in the boll- 
weevil cells or in the cocoons of Mkrohracon meUitor. The stage in 
which these various parasites pass the winter is given very condscly 
in the table of the developmental periods (Table XX) in section 7. 
During January, 1910, Mr. Hood . repeatedly found Euryimia 
dennatis and CatoUccus lunUri hibernating in dry cotton squares 
and bolls and especially in hanging moss at Mansura, La. 


11. THE SPRING SEASON. 

It has been demonstrated that there is a definite period between 
the hibernation season and the first infestation of squares, extending 
from the middle of March to the middle of June. Wliat happens to 
the parasites during this period is of considerable importance and a 
great amount of work has been done in the search for intermediate 

hosts. . ,. , 

In the case of CcUolaems IwtiUri the question was very satisfac- 
torily answered, At Richmond, Tex., a large number of dewberry 
buds infested by Anthmorms signatns was gathered March 21, 1907, 
and this species of parasite was reared continuously between Marrli 
28 and April 1 . At Victoria, Tex., Mr. J. D. Mitchell collected, on .Ipril 
23 1907 a lot of haws (Cratxgiis moUis), infested by Tadiypterdlm 
quadrigims, and on May 7 he reared this species of parasdte. In- 
vestigations as to the distribution of these weevils added to the 
formerly knowm records of Anthffiwmus signatus in dewberry buds, 
Natchitoches and Shreveport, La.; Texarkana, Aik. ; Muskogee and 
Ardmore, Okla.; and Trinity, Richmond, Waco, DaUas, and Mar- 
shall, Tex. Tachypterellus guadrigibbus was found breetlmg lU 
Shreveport and Natcliitoches, La., and Victoria, Tex. 

At Dallas, Tex., the buds of Galpimia Itartwegi were found to be 
infested by Anlentes tenuipes as early as April 24. This species is a 
host of several species of Catolaccus. The buds of Callirrloe irmh 
croto were found at Dallas to be infested by Anthonomus fnlvwt iM 
early as April 1, and on the same date Anthmomus asneoZus was hist 
observed to bo breeding in the buds of Sohnum tmreyi. Solmm 
eUaqniMmm, with Anthonomus sev-mlus both m its buds and in the 
fungus leaf-galls, and Solanum rostratum with this weevil in the biub, 
appeared early in April. M of these plants continued susceptib.e to 
weevil work up to the end of the spring period, or until cotton bega 
to square. Numerous specimens of Catolaccus were reared from tin 
Solanum-infesting species of Anthonomus. . n , 

MyiopUsia xnea was reared April 11, 1907, from ( 70110^1 
ehgam in galls of PhyUoxem devastatrix on the petioles ot mcoi 
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collected April 2, 1907, at Victoria, Tex., and was reared June 
5 , 1907, from material collected May 4 at Dallas. 

Sigalfhus curculionis was reared in considerable numbers between 
April 28 and May 7, 1907, from Conotrachdus nenuphar in plums 
gathered at Texarkana, Ark., March 26; and between Aprd 29 and 
May 17, 1907, from Oonotrachelus elegans in galls of Phylloxera deva^- 
tatrix on pecan, coUected at Victoria, Tex., AprU 2; also between June 
5 and 14, 1907, from the same species m material collected at Dallas 
Te.x,, May 4. 

Cerarnhycohini cyaniceps was studied very carefully at Victoria, 
Tex., by Mr. J. D. Mitchell during the winter of 1909-10 as an 
enemy of Triehobaris Uxana in stems of Solanum rosiratum, and of 
Lixus scrohicoUis in stems of Ambrosia trifida. Mr. T. T. Holloway 
conducted experiments in longevity by feeding sugared water to the 
parasites. Emergence began, in the lots of Triehobaris, on February 
1 and contmued until AprH 8. The last parasite lived until May 31 . 
The total period of activity was 119 days and the average period 
lasted from March 11 to April 1. Tire longest record of longevity 
was 71 days and the average 21 days. Emergence began from the 
lots of Lixus on March 2 and continued until March 24. The last 
parasite lived untd May 11. The total period of activity was 70 
(lays and the average period was between March 13 and April 4. 
The longest record of longevity was 67 days and the average 22. 

Kurytmna tylodermaiis was reared from the same lots and treated 
in the same manner. Emergence began from the lots of Triehobaris 
on February 3 and continued until March 21. The last parasite 
lived until April 30. The total period of activity was 86 days and 
the average period was between March 10 and March 30. The longest 
rocord of longevity was 42 days, and the average 20 days. Emergence 
began from the lots of Lixus on February 22 and lasted until April 17. 
The last parasite hved until June 1. The total period of activity 
was 99 days and the average period lasted from March 16 to April 11, 
The longest record of longevity was 79 days and the average 26 days. 

III. THE SUUMER SEASON. 

The first boU-weevil parasites of the year are reared late in May or 
earh- m June m southern I'exas, but in a very short time squares are 
lOTiiung all over the entire cotton belt and parasites may be found 
everywhere in small numbers as the summer progresses. The per- 
tffltage of parasitism increases rapidly and generahy becomes very 
igh after August 1. Most of the important parasites may also be 
lound on their normal summer hosts, 

16844°— Bull. 100—12 5 
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About the middle of August squares commence to f^, and few 
squares are to be found by September 1. This condition may be 
said to begin the fall season, when the parasites are largely obliged 
to seek other hosts or to attack the boU weevil in bolls. 


IV. THE PALL OR DISPERSION SEASON. 

Coincident with the decline in square production is the beginning 
of the boll-weevil dispersion which extends into new territory around 
the entire periphery of the infested region. In the fall there is a new 
growth of squares which furnishes food for the weevils before entering 
hibernation and also furnishes an opportunity for very high parasitism 
just preceding hibernation. It is during this season that parasite 
swarms are recorded and hence this is a very critical time for obtaining 
and transferring desirable parasites to new regions. Durmg this early 
fall season there are several very important ways of propagating tlie 
parasites already present in the vicinity, as will be shown later. The 
fall season of the year closes abruptly with the first killing frost, for 
this crisis precipitates the liibernation period. 

10. adjustment to new hosts. 


It is a very striking fact that the continuously breeding boll 
weevil is attacked by parasites which in many instances attack nor- 
mally weevils having but a single generation annually. Some of these 
parasites attack one host after another throughout the entire breeding 
season and may be found in activity at aU periods except during 
hibernation. This condition is weU illustrated by the accompanying 
diagram (fig. 15) giving the seasonal rotation of Ca^laccm hmttri 
and Ceramhycobius cyaniceps. Whether these parasites were origi- 
nally single-generation species like their hosts is a question we can not 
now decide, but we now know that they have become adapted to 
many species. This fact can be most easily proven by reference to 
the list of hosts of the boll-weevil parasites given m the second section 
of this part (p. 42). It appears possible that the constantly changing 
factors of nature cause tlie various species to be contmually ad, justing 
their habits to new environments and new hosts. In other words, le 
groups of parasites from wliich the most available enemies of a new or 
introduced species may be obtained are those groups m which the 
parasitic habits are the most variable. A parasitic species that is as 
readily at home on a stem weevil as on a bud or seed weevil is proba } 
able to attack many different species. 

The most striking example of the adjustment of new parMi e 
furnished in 1907. A lot of hanging squares coUected by Mr. ■ ■ 
Mitchell on August 5, 1907, at Victoria, Tex., on a field known as 
Haskell field gave a percentage of 61.5. There was someth ^ 
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striking about the nature of the record that ilr. Cushman was sent 
iniinediately to Victoria to study the surroundings of this field and 
report upon the possible reasons for the liigh percentage of parasitism, 
jlr, Cushman reported after considerable study that there were 
only two factors which, it seemed to him, might have an mfluenco 
upon the parasites of the boll weevil. The first factor was tiie com- 
plete lack of fruit upon the huisache trees {VacheUia famesiana) 
■vvliich is the normal food of Laria saMtei. The second factor noticed 
ffas the absence of flowers on the CMirrhoe inwlucrata, the host of 
inthonomus fulms. Mr. Cushman reasoned that the point would bo 
proven if we should rear from the boll weevil some of the character- 
istic parasites of either this or the other species. As a result of 
rearings from the material collected in tliis field, the principal par- 
asite was Microlracon meUitor, the typical boll weevil parasite, but a 

SixsatM dotavcm or hosts ey Catol^ccus huntoh Crawforo. 



er7.7.i7!;.a 



■KTZISH 






VUISJSTAt:. 

fi7^jznr3-l 

1 

u 

M 


(Aws Str 

lOMOS AC 


tfMAA/ 

•HQNOMUS 

GHAAItllS 

SohMa 



■ggnjs < 

tv 

>epce 

1 

SI 

m 

■ 

m 






■ 

Pici^ce 

■ 

■ 



'V/LAXjt 


ScASONAL /xyrAT/O/v ormsrs er CmAMBycoe/us cyxwccps Asumcao. 




m 










n 




■^1 

■IK! 





■ 

Mi 



fn’SEJW! 

WWiJfST^ 






wjnufif. 

Wfijs. 




Tsiviili 



■ 



i-W.WiW 

vWiimns 






■1 






F13. 15.—Diagram Illustrating tlio seasonal rotation of hosts of Caid<ictm hmUH and Cerarnhycobius 
cyanicept. (Original.) 


ipccies which is also a typical parasite of Anihonomus fvlvus. It 
IS probable that the latter species furnished some of the Micro- 
bracons for this infestation. The next most important species was 
Cmmlycobius cusTimani, a typical parasite of Laria sallsei and of 
Armrus fasciculatus which breeds in tlie fruit of the chinaberiy treo 
(Melia azederach) . In addition to this species, this same field yielded 
3 other new parasites of the boll weevil, 2 of which are known to 
be parasites of tlie Laria. These were Evrijtoma sp., Spiloclialcis sp., 
and Lariophagus tezanus. 

To illustrate the divergence of habits among parasites the host 
relations of Catohcaia incertws may be cited. This parasite attacks 
sereral species of Laria (Brue/ius) which are internal seed eaters and 
pupate in their feeding cells; such weevils as Zygobaris xantlwxyli and 
Auleuies tenuipes, wMch are seed or bud feeders and pupate in the 
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ground; and Anthonomines, which dwell in buds (Anthmomus gran, 
dis), in flowers (A. aphanostephi), and in hard seed {A. alhopilosns] 
But it draws the line apparently at stem dwellers and is replaced by 
Neomtolaccus iylodermst on Lixus, Tyloderma, and Ampeloglypter 
Ceramhycolim cyaniceps is as much at home in a stem as in a bud 
and so also are Eurytoma tyhdermaiis and Microdontomerus anthmomi 
The Braconidse appear to be more particular as to food but the most 
noted of all, Mierobraam meUiUtr, has no preferences between stem 
dwellers and bud dwellers. 

Thirteen miles southeast of Yazoo City, Miss., on November 1, 1909 
the senior author found an isolated artificial focus of infestation bv 
the boU weevil over 30 miles from any infestation of the same aop 
and 20 miles beyond the regularly infested region. Out of 8 squares 
picked, containing 5 stages, 1 parastized stage was found. 

11, BEETLES WHICH PREY UPON THE BOLL WEEVIL. 

The attack of tlie insects predatory on flio adult boll weevil is purely 
accidental. They may be very numerous, but the only ones rernrded 
and verified are EvartJirm sodalis Le Conte and another species o[ tlie 
same genus. There are, however, several insects which have an actual 
value through their established habit of cither breeding in the square 
upon the boll-weevil stages or of entering the square and consumini; 
the weevil. We shall refer to four of them. 

Hydnocera paUipennis Say. A single beetle of this species was 
reared April 6 , 1907, after 183 days in its cocoon,, and over 214 days 
isolation in the rearing tube. It was collected in a boU-weovil ccH at 
Waco, Tex., August 28, 1906. The cocoon is very finely threaded, 
loosely woven, and only single layered. The stage of the beetle can 
easily be observed at any time. 

Hydnocera puhescens Le Conte. This clerid is a very common 
breeder in the weevil cells. Its larvae have been found not onlv 
feeding upon the various weevil stages but have been taken frequently 
from Microbracon cocoons which they have entered at a mucli 
younger stage. 

Cath-artus gemdlalus Duval. This cucujid beetle is both a predator 
and a scavenger, its larvae being frequently found, however, feedins; 
upon boll-weevil stages which they must have killed 

Chauliognathus spp. The larvae of these lampyrid beetles are yciy 
common in the squares and bolls of cotton in Louisiana and Missis- 
sippi. In one instance undoubted proof of the attack of such a laivu 
upon one boll-weevil larva was recorded. Many other veiy sus- 
picious observations were made but no definite proofs found. 
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10 lEPIDOPTEEODS LAEV^ which are INCIDENTALLY PREDATORY 
UPON THE BOLL WEEVIL. 

Jdahana argillacea Hiibner. The cotton leaf caterpillar is distinctly 
enemy of the boll weevil and of considerable importance. When 
it defoliates a cotton field a month or more before the frosts it often 
destroys immature weevils in the cotton squares and cuts off the entire 
food supply of the adult weevils remaining. These weevils may be 
jfile to suspend their activities and begin hibernation but it is w'ell 
l;no"m that weevils entering hibernation early in tbe fall can seldom 
survive a long hard winter, or five until cotton is up in the spring. 
Tliose that can not hibernate either die of starvation or rise in flight 
to seek cotton elsewhere and may perish in the effort. It is presumed 
that a very high percentage of flying weevils fails to find cotton. 

The leaf worm is attacked by 18 predatory bugs, 16 predatory 
beetles, 6 predatory wasps, and the following ants: Dorymyrmex 
pjramicus Jlavus McCook, Forelius maccooki Emery, Solenopsis 
jorniraflla Fabriciua (these three ants are enemies of the boll weevil) 
and Monmnorium carhcmariiim Smith. Ten hymonopterous parasites 
and one liypcrparasite are known, and in addition tire leaf worm is 
attacked by a predatory fly and by two parasitic flics. 

13. ANTS WHICH PREY UPON THE BOLL WEEVIL. 

STUENOPTEIU. DOBYUD^;. 

Eaton {Acamafus) commutatum Emery. This ant was taken by 
Mr. C. R. Jones at Becville, Tex., attacking the boll-weevil larvae in 
squares. Dr. W. M. Wheeler states that it is commonly parasitized 
by a round worm of the genus Mermis. 

FONEKIDjE. 

Eclatomma tuherculalnm Olivier. The “kelep,” or so-called Guate- 
malan ant, is a native of Mexico and Central America. Like all other 
ponerids it is slow in action. The winters have proven too severe 
for any of the imported colonies. The rate of development is so 
slow and the movements of lire adrrlts arc so sluggish that little 
could be hoped for from this species even if it could become accli- 
maled in this country. 

MYRMrCID.*:. 

Oremastogaster lineolata, (Say) var. clara Mayr. This ant is also an 
enemy of the boll weevil, having been recorded attacking immature 
stages at Dallas, Tex., by Dr. W. E. Hinds. It has frequently been 
seen in the rearing cage carrying off insect prey. The species lives 
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in hollow stems, sticks, and galls and is commonly seen at the necta- 
ries of cotton or attending aphides, membraeids, etc. Prof. F. E, 
Brooks has recorded this ant as an enemy of Heliofhis ohsoleta, the 
cotton boUworm. 

Solenopds gemvnata Fabricius. The “fire ant” (fig. 16) is veiy 
common in Texas cotton fields, where it is always an enemy of the 
boll weevil, as well as of the cotton bollwoi-m (Heliothis olsoUfti) 
and the cotton leaf worm (Ahharni argiHacea). In LouisiaTia, 
Arkansas, and Mississippi it is very seldom seen in^ cotton fields, 
except in southern Louisiana, where unfortunately it is in danger of 
extermination by the Argentine ant, Jndomyrmex humilis Mayr. 
This species divides credit for the greater part of the ant control of 
the boll weevil with the other species of Solenopsis, two species of 
Monomorium, and with the various si)e- 
^ ./] cies of Pheidole. Its nests are placed in 

A i cotton fields, generally near the base 

'vi )*/ plants, and from these the foragers 

^ VjjH U go out in all directions in search of food, 

\Al// The workers have learned to detect the 

presence of the boll weevil in the squares 
Jy time can effect an entrain c 

into the weevil cell from which they cither 
^ wqevil bodily or convey it in 

\\ { 1 U I’®'*'''® 

/ V A ^ times found on the plant, but most coin- 

/ \ P'- f \ monly it does its work on the ground. 

/ ^ species is parasitized by {Psevdat- 

na. 16.-Th0 -nre ant- (Seio.«rso teon) Phstoflora crawfordi Coquaiott at 
geminata), an enemy of the boll Dallas, TeX. 

weevil: Worker Enlarged. (From Sohnopsis moUsta Say {deUlu ilavr). 

Hunter and Hinds.) ^ y • \ r 

This minute ant was taken m the aotol 
attacking a boll-weevil larva by Mr. Cushman at McAlester, Okla. 
This species and the next are so similar in appearance that they 
may be easily confused. Prof. F. E. Brooks has recorded it as an 
enemy of Cmponius inxqualis. 

Solenopsis texana Emery. This minute ant is a common eiienn 
of the boU weevil in Texas, fjonisiana, and Mississippi. I he entrant 
holes are very minute, but sometimes the ants enter the squares in 
great numbers. On October 31, 1907, at Thornton, Tex., Ih- 
Cushman found 85 individuals attacking a weevil larva in a suiglf 
square. It is mentioned in the investigation records as attacking 
the weevil at Alexandria and Monroe, La., and Cuero, Lampasas, am 
Llano, Tex. It is also recorded as an enemy of Helioihis ohsoleta. 

Monomorium minimum Buckley. This common house ant (fig- 1') 
is a veiy valuable enemy of the boll weevil and is common in cotton 
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fields. I*' is recorded in the Dallas collection as attacking the boll 
^.eevil at Llano, Lampasas, Albany, Henrietta, Arlington, and Dallas, 
pex., Ruston, La., and Roxie and Port Gibson, Miss. The species 
been taken attacking the immature stages of Tricholaris com- 
pda, Anthonomus alhopilosv^, and Anihonomusfulvus. It generally 
attacks these weevils as well as the boll weevil on the plant, entering 
the infested bud or square in search of its food. 

Mowmorium pharaords Tj. This cosmopolitan house ant (fig. 18) 
is another of the most important boll-weevil enemies, being very 



Fia. 17.— The little black mi()Ionomoriurmidnimu»i), an enemy of the boll weevil: a, Fe- 
male; b, same with wings; c, male; d, workers; e, pupa; /, larva; g, egg of worker. 
Enlarged. {B^om Marlalt.) 

abundant in the cotton fields of certain sections. It is represented 
in the Dallas collection as attacking the boll weevil at Victoria, Tex. ; 
Fosters, Ruston, and Monroe, I.a., and Camden, Ark. It also 
attacks the weevil on the plant. In southern Louisiana it is being 
e-itcrminated by the Argentine ant {Iridomyrmex Mmilis) . 

Phidole sp., nes,v Jlavens. At Arlington, Tex., August 31, 1908, 
Mr. Cushman found abundant evidence of the control of the boll 
weevil by this species. It attacks the weevil larviE both on the 
plant and on the ground. 
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PJiddole erassicomis Emeiy. At Lampasas, Tex., September 23 
1908, Mr. Cushman found this ant a very abundant enemy of the 
boll weevil. 

DOUCHODBRID^. 

Foreliiis maccooki Forel. At Beeville, Tex., August 13, 1906, Mr, 
C. R. Jones found a high mortality of the boll weevil due to this 
species. Dr. Wheeler has recorded the fact that this ant prefers 
bare, dry ground for its' nests. The species also attacks Alahama 
argillacea and Eeliotlm obsoleta. On September 7, 1908, at Dallas 
Tex., Mr. F. C. Bishopp took specimens in the act of attack, and 
September 21 , 1908, Mr. Cushman took others at Llano, Tex., attack- 
ing the weevil. 

Dorymyrmex ■pyramicm Roger, the “lion ant,” protects solitary 
tree cotton from the boE weevil in Cuba (Schwarz, 1905). 



a. Female; 6, worker. Enlarged. (From Riley.) 

Dorymyrmex pyramicus (Roger) var. jiavus McCook. This com- 
mon ant of the cotton fields has only once been taken as an enemy 
of the boll weevil, namely at Texarkana, Tex., by Mr. R. C. Howell, 
but its abundance would make it a very important species if it 
should develop a fondness for weevil larv®. It is an enemy of 
Alahama argillacea and Heliothis ohsoleta. 

Iridomynnex analis Andr5. Specimens of this ant were found 
attacking the boU weevU by Dr. W. E. Hinds. This species is nor- 
mally a honey ant, but occasionally takes insect food. It is veiy 
common in cotton fields, especially in Louisiana. 

Iriiomyrmex humilis Mayr. The much-feared Argentine ant lias 
been taken attacking the boll weevE. It is, however, a friend to 
the weevE because it exterminates Solenopsis gemiriata, Monmwnnvi' 
pharamis, and Iridomynnex analis (Foster, 1908). 
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yoRHtciDje. 

formwafiisca (Linnaeus) suhpoKta (Mayr) perpihsa Wheeler. This 
species of ant is normally a honey feeder, but it is recorded by Kangel 
(Rangel, 1901c) as a predator on adult boll weevils in Mexico. 

Formica paMidi-fidva Latreille. A single instance of this species 
cutting its way into a square infested by a boll weevil was observed 
by Mr. Hood at Ashdown, Ark., September 2, 1908. 

‘ Prenolepis imparis Say. A single instance of this species cutting 
i (3 way into a square infested by a boll weevil rvas observed by Mr. 
Hood at Ashdown, Ark., September 2, 1908. 

14. BIOLOGY OF THE COHOSTS OF THE BOLL-WEEVIL PARASITES. 

The biologies of the parasites concerned in the boll-weevil complex 
'lave already been discussed. It now remains to consider the native 
reevils which have already or may later enter into the complex of 
■ohosts of the boll-weevil parasites. Many of these weevils are 
lative to the territory already occupied by the weevil, while others 
sill become important as new territory is added. Other families of 
"■oleoptera and even other orders of insects may later be found to be 
)f more or less importance as cohosts of boll-weevil parasites. The 
;ate Dr. William H. Aslimead stated that Mierohracon mellitor had 
been reared from many Coleoptera, wliile CeramhjcoUus cyaniceps 
bred in cerambycids and other beetles. It is important also to note 
the record of CerambycoUus cyaniceps from Languria. Our own 
observations have been confined to the Coleoptera of the families 
Lariidie, Anthribidae, and Curculionidm. 

PHTTOPHAaA. LtnaDJE. 

(Bruclus)^ Laria saMsd Sharp, Tliis bruchid is characteristic of 
the Gulf Coast prairie of Texas. It breeds in the pods of huisaohe 
{VacleUiafamcsiana), is a continuous breeder, and is generally highly 
parasitized by Vrosiyalphus hruchi, Ceramhycohius hriuhivorus, Cee- 
AMBYCOBIUS CYANICEPS”; CeEAMBYCOBIHS CUSHMANI, L.AEIOPHAGUS 
TEXANus, Etjeytoma tylodermatis, Ilorismcnus sp., and several 
other undetermined parasites. 

Laria exigua Horn. This bruchid is apparently Austroriparian and 
Carohnian. Its principal food plant Is Amorplia fruticosa, in the seed 

'The generic name BrueJius waa first used by Gcoffroy In 17(i2. Only one species is admissible in our 
Code of nomenclature and this is CcrambsxfitrhiianxMs, which is also the type of Ptinus Linnseiis 1767, 
The genus Laria was dDscribed by Scopoli in 1703 and the type thereof has been designated as wficjs 
Scopoli, a synonym of Dermestes pismum (pisi) Linnaeus. 

Linnatus’s conoeption of Bruehus dates from 1707 and the type thereof was designated by Latreille 
(ISiU) as Dermestes pisorum L!aDseii:>. Hence we sec that Bruchus Llnnseus (1758) Is preoccupied by 
Geollroy (1752) and an isogenotypic synonym of Laria Scopoli (1763). 

Alihough the genus has been subdivided into several genera, our American species have not been 
Riidied with regard to such subdiviaon and it is hence best to consider all as In the genua Laria, 

* Tlie names of boll-weevil parasites are ptisled in small capitals; others in italics. 
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pods of which it breeds prolifically. It is a continuous breeder and 
is higldy parasitized by Cerambycobius hrevicaudus, Ceeambyoobivs 
OYANICEPS, Horisntenus sp., Heterositilug prosopidis, Euryioma sp.^ 
Micbodontomerus anthonomi, Catolaccl's incebtus, and several 
other species. 

Laria ohtecta Say. The common bean weevil is known to be para- 
sitized by Ceeambycobius cyaniceps and BrucUhius laticoUis. 

Laria compressicomis Schaeffer. This bruchid, which breeds in 
the pods of Acuan Ulinoensis, is parasitized by Cerambycobius cy- 
aniceps and Heterospilas prosopidis. 

Laria ochracea Schaeffer. This bruchid, which breeds in the pods 
of Vicia sp., is parasitized by Cerambycobius cyaniceps, C. cush- 
MANi, Earytoma sp., and Fleterospihis prosopidis. 

Spermophagus rohinix Schaeffer. This bruchid is very common in 
the pods of the honey locust (Oleditsia inacanthos), and the water 
locust {Gleditsia aqmtka), both of which are trees belonging to the 
humid Austral zones. It is parasitized by Eeterospilus brachi, Cer- 

AMBYCOBIUS CYANICEPS, EURYTOMA TYLODERMATIS, and Urosigolphus 

bruchi. 

EHYNCHOrHORA. ANTHRIEIDiE. 


Brachytarsus altematus Say. This beetle probably breeds under 
many different circumstances. The only records are from a fungus 
gall on Ipmaa pandurala, and from the stems of Elymus nrgvmw 
and Sideranthw rubiginosus. It apparently belongs to the humid 
Austral zones. It is parasitized by Microdontomerds anthonomi 

and a Brecon. ^ n , ) 

Arxeents fuscicvlatus DeGeer. This veiy widely distnbuted 
Lower Austral insect (see fig. 19), known commonly as the coffee- 

bean weevil, 
breeds in stored 
vegetable prod- 
ucts, in the seed 
of Theobromii 
cacao, in the 
berryofthecoffee 
tree {Coffea ara- 
bica),m diseased 
cotton bolls, ii'i 
seed pods of 
, , K , ( h„ii Cassia Occident- 

Pia 19 .-Thecoffee-beinweOTUAra:cmii/ascic»IaitK),acohostof bo l- „A f nfl- 

weeYUpBmatea:<.,LarYa;S,«aMt;c,pupa. (Pr™ Ch.t alls and b. OC 

tenden.) tusifolia, in seeds 

of Indigofera tinctoria, in green and decaying fruit of Melia azedaracl, 
in green and dry cornstalks, and in dry acanan gaUs on Iporrma 
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lacunosa. In the Melia berries it is parasitized by Cee.\mbycobids 
cushmani, Eoettoma ttlodermatis, and Pediculoides sp. 

CURCULIONID.JS. APIOKIMJ5. 

jipion segnipes Say in Craeca virginiam is parasitized by Euey- 
toma tylodebmatis. 

Apion decoloraturn Smith. Dr. Chittenden records tliis weevil as 
breeding in Meilovda paniadata and parasitized by Catolaccus 

IXCERTUS. 

Apion griseum Smith. Dr. Chittenden records this weevil as 
breeding in Phaseolus reitwis, P. ■wrightii, P. polystaehyus, and 
Stnphosiyles paucijlora, and parasitized by Catolaccus incbetus. 

Apion nigrum Smith. Breeds in buds of Bobinia pseudaccuia and 
is parasitized by Catolaccus incertus. 

Apion rostrum Say in pods of Baptisia is parasitized by Ceramby- 
COBIUS CYANICEPS. 

CLEONINA5. 

Urns musedus Say. This weevil is known both from the Lower 
Sonoran and Austroriparian zones. It breeds in the stems of Poly- 
gonum pennsylvanicum, P. portoricense, and P. 
punctalum, making an oblong gall or swelling. 
It is parasitized by Eubytoma tylodebmatis, 
Cebambycobids CYANICEPS, Neocoioloccus 
tylodermm, Glyptomorphi rugator, G. novitus, 
and Horismenus liziwrus. 

Lizus scrohicollis Boheman. This weevil (fig. 
20) is probably confined mainly to the moist 
Austral zones. It breeds abundantly in the 
stems of Amhroda trifiia, A. artemisisefolia, 
A. psilostazhya, and Helianthus spp. It is 
quite highly parasitized by PtinoUus magnifies, 

Fia. 20,-ThG bloodweed Euj(YTOMA TTLODERMATIS, CeEAMBYCOBIUS 
weevil {Itn/ascrobtcwitjf), ft t /i 

cohost of Iwll-weevil para- CYANICEPS, Gly'ptomor'pm TUgatOT, 6 r. ViaWltUS, 

ales. (Ecom q Vivio helfrugei, Microdus similUmus, 

and Horismenus linvorus. Mr. Townsend has 
de.soribed Lixophaga parva from a specimen roared from this weevil 
at Dallas, Tex., August 15, 1907. 

EHinRHlNIN.®. 

Smicronyx tychoides LeConte. This weevil breeds in stem galls of 
various species of Cuscuta. It is parasitized by Microbracon mel- 
UTOE and Eutrichosoma cMpes. 
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Desmms Bcapdis LeConte. This weevil (fig. 21) o^urs maidy 
on the black prairie in Texas and breeds in the heads of Sidemnihus 
rubiginosus. It is parasitized by Microbeacon mellitoe. 

ANTHONOMIN^. 


Macrorhoftus spheralcix Pierce. .This weevil was found breeding 
in stems of Splssralcea angn^tifolia. It is the host of Eueyto.ma 

TachyptereUus quadrigibhug Say. This fruit weevil breeds m the 
seed of apple, pear, Ctaixgus oxgacanlha, and Cratxgus moUig. It is 
known to us to be parasitized by Cerambycobius cyaniceps ami 


Catolaccus iiunteei. , , • u 

Smiemulax tulercuMus Pierce. This species breeds in the stems 
of mistletoe (Phoradendron iavesceng) throughout Texas, and evi- 
dence of its work has been observed in Louisiana and Mississippi. Jt 

is parasitized by Edeytoma tyi,o- 



FiQ. 21.— The irouvveed weevil {Ikmons 
palii), a cohost of boll-weevil parasites, 
larged. (From Hunter and Hinds.) 


DERMATis, Cerambycobius cy.im- 
CEPS, Catolaccus hunteei, and 
Microbeacon mellitoe. 

Anthonomus fulvus LeConte, 
This weevil breeds in the larger 
buds of CaUirrhoe involucraia and 
C. digitata. It is a characteristic 
woodland and meadow insect in 
Oklahoma and Texas. Theknoivn 
parasites are Catolaccus incer- 
Tus and Miceobeacon mellitor. 

Anikonomiis sigriatus Say. The 
strawberry weevil is mainly char- 


acteristic of the humid Austral zones, and it breeds in the buds of 
strawberry, blackberry, dewberry, raspberry-, Ruhus vilbmg, Potm- 
tiUa canadensis, and Cercis canadensis. It is parasitized by J/icro- 
bracon anthonami, Calyptus iibiator, Catolaccus iiunteei, C. iscer- 
TUS, and C. anthoiwmi. The two latter species were described from 


tills weevu. -1 1. 1 ■ 

Anthorumus albojdlosus Dietz. This little Texas weevil breeds in 
the capsules of Crolon capitaim, P. engdinanm, and 0. texense.^ It 
is known to us to be parasitized by Miceobeacon mellitoe, C.ito- 

LACCUS HUNTEEI, C. INCEETUS, and CERAMBYCOBIUS CYANICEPS. 

Anthonomus nigrinvs Boheman. This species is eastern in la ita 
and breeds in the buds of SoUnum carolinense, and the potato 
tuberosum). It is the host of Entedon UihocoUetidis, EngliipM 
robustus, Catolaccus inceetus, and 0. anthonomi. 
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AfithoTioTnus SBnsolus Dietz. This Texas weevil breeds cominonly 
ill fungus galls on the leaves and in the buds of Solanum eleagnifolium 
and S. torreyi and also in the buds of S. rostratum. It is parasitized 
iiv' Catolacctjs htjnteri and a Eurytoma. 

“ Antlmomus eugenii Cano (xneotindus Champion). The pepper 
weevil (fig. 22) breeds in most of the cultivated and wild peppers 
and may be considered a serious pest. It is parasitized by Catot.ac- 
cus HUNTERI, MiCROBRACON MELLITOR, and PeDICULOIDES VENTRI- 
COSUS. 

.latAiwuwRus sguo/iTws^is LeConte. This is a weevil typical of the 
gy|isum prairie of the Lower Sonoran Zone, although occurring less 
abundantly in the western edge of the moist Austral zones. It 
breeds in the flower heads of Orindelia sqmrrosa mida, G. intiloides, 
and perhaps also on other Grindelias and Heliantbi. It is known 
to us to be parasitized by Miceobracon 
MELLITOR, Catolaccus nuNTERi, and Eury- 
toma TYLODERMATIS. 

Anihonomus nebulosus LeConte. Tliis wee- 
vil breeds in the buds of Crataegus in Louisi- 
ana and Arkansas. It is parasitized by Cato- 
uccus HUNTERI and Sigalphns sp. 

Anihonomus heterothecie Pierce. This small 
weevil breeds in the flower heads of Hetero- 
theca suhaxillaris and probably other asteroid 
flowers. It is parasitized by Catolaccus 
HUNTERI and Eurytoma tylodeematis. 

Previous records by the senior author on 
Anthonomus disjunctus LeConte all refer to 
this weevil. 

Anthonomus aphanostepU Pierce. This weevil breeds in the heads 
of Aplanosteplms skirrohasis, and is parasitized by Catolaccus 

IXCERTUS. 

TYCHIIN.E. 

Tychius iordidus LeConte. This Austroriparian weevil breeds in 
he pods of Baptism iracteata and B. hucantha. It is parasitized 
OY Cerambycobius cyaniceps. 

CBYPTORHYNCHrs.®. 

Chdeodermus asneus Boheman, the common oowpea weevil (fig. 23 ), 
IS abundantly parasitized by Ennyomma gi.obosa, and is hkewise a 
liost of Ennyomma clistoides and Sigalphus curculionis. 

Gonotrachelus affinis Boheman. Tliis weevil breeds in liickory nuts 
and is parasitized by Myiophasia .*;nea and Sigalphus curculionis. 



Kig. 22.— The pepper weevil 
{Ajithonojiius euginii}, & cohost 
of boll-weevil parasites. En- 
(From Hunter and 

Hinds.) 
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Fio. 23.— The cowpea weevil {Cholcodemm ieneu»), a cohost ol 
boll-weevil parasites. Eolarped (From Chittenden.) 


Contrachdus jughndis LeConte. This is the walnut weevil, which 
is also parasitized by Mtiopiusia «nea, ChoUmyia inxguipes, Meta, 
dexia basalis, and Sigalphus cuhchlioihs. 

Corwirachdus ekgans Say. This weevil breeds abundantly in 
the petioles of hickory, the gaUs of Phylloxera devastatrix on pecan 

in pecan nuts, in leaf 
roUs on hickory, and 
finally in the roots 
of Amaranthus retro- 
jiexus. It is fre, 
quently parasitized 
byMYIOPHASIA^XE4 
and Sigalphus cur- 

CDLIONISj ftnd OCCfl- 

AomWyhy GMorriyia 

iniequipes. 

Conotrachdus ncn- 
uphar Herbst. The 
common plum curculio (fig. 24) breeds in the pulp of drupes and 
pomes. The larvae are parasitized by Chohmyia inseguipes, Sig.u- 
PHUS cuECULiONis, Microbracon mellitor, and Porkon conotrackli 
and the eggs by Anaphes conotracheli. 

Conotrachelus niiso Le- 
Conte. The common 
acorn weevil is para- 
sitized by Sigalphus 
curculionis. 

Tyloderma faveolaium 
Say. This common wee- 
vil breeds prolificaily in 
the stems of Onagra bien- 
nis and Epilobium. It 
is higidy parasitized by 
Neocatolaccus tyhdermx, 

Cerambycodiiis oyan- 
ICEPS, Eurytoma ty- 
LODERMATIS, MiCROBRACON MEI.LITOR, SiGALPHUS CURCULIONIS, and 
Vrosigalphis sp. nov. 

GersUedieria, nobilis LeConte {Ac-aUes). The common prickly-pear 
weevil is parasitized by Catolaccus hunteei and by several other 
species. 



Flo. 24.— The plum curciilio(C(?notrocMt« nwiupAor), a cohost 
of boll-weevil parasites: a. Larva; 6, adult; c, pupa. Muth 
enlarged. (From Chittenden.) 



BIOLOOY OP THE COHOSTS. 


79 


CEUTORHYNCHTNJi. 

J^leutes tenuipBS LeConte. This weevil breeds in the anthers of 
buds of GdpiTisia hartwegi on the Texas black prairie at least. It is 
attacked by Catolaccds inceetds, Mierobracon sp., Eutrichosmna 
(Hhipei, and possibly by Catolaccus nigrosenea. 

Craponiw inseqmlis Say. This weevil breeds in the fruit of the 
grape. It is parasitized by Microbracon mellitor and Stiboscopus 
Irooksi. 

Bhinoneus fyrrhopus Boheman. Tliis weevil breeds in the stems 
of Polygonum and is parasitized by Cerambycobius oyaniceps. 

Ceutorhynchus n. sp. This weevil breeds in the crown of Selenia 
aurea and is parasitized by Catolaccus inoeetus. 

BARINvE. 

Baris euneipennis Casey. This weevil breeds in the roots of 
HekrAwn tenuifolium and is parasitized by Catolaccus incertos. 

Orihoris crotchii LeConte. This 
Lower Sonoran weevil breeds in the 
seed pods of Mentzdia nuda. It is 
parasitized very highly by Microbracon 
nnperus, Eorytoma tylodermatis, 
and a species of Tetrastichus. 

Trkhobaris temna LeConte. This 
species breeds very abundantly in 
stems of Sclanum rostratum, and is 
hence more or less a Lower Austral 
insect. Its parasites are Cerambyco- 
Bii's cyaxiceps, Eueytoma tyloder- 
siATis, Microbracon sp., and Sigal- 
PHt:s CURCULIONIS. 

Tnchoharis trinotata Say. Tlie po- 
tato stalk weevil (fig. 25) breeds in 
the stems of many Solanacese, includ- 
ing Sohnum carolinense, 8. mehngena 
(egg plant), 8. rostratum, S. tuberosum. 

(potato), Datura slrammium, D. tatuh, Physalis longifolia, P. philadel- 
fftica, P. lanceolata, P . heterophylla, and P. virginiana ambigua. It is 
known to be parasitized by Sigai.phus curculionis and Eueytoma 
tylodermatis. 

TricJiobaris compacta Casey. This weevil breeds in the pods of 
Batura stramonium and is also recorded as breeding in Datura mete- 
Wcs. It is parasitized by Cer-ambycobius cyaniceps, Myiophasia 
*nea, and Pediculoides yenteicosus. 



Fig. 25.— The poUito-stalk weeTil {Trieho- 
baris triiwUita).B. cohost of bolhweeTil 
parasites; o. Beetle; 5, larva from aide; 
c, pupa; d, section of potato stalk opened 
to show lan'a and pupa in stiu. a, 6, c, 
Five times natural size; d, natural size. 
(From Chittenden.) 
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Ampeloglypter sesostris LeConte. Tke grapevine gall weevil is para, 
sitized by Mtiophasia jenea, Neocaiolaccm tyhdermx, and Calypt-u^ 
iibiator. 

Zygolaris xanihoxyli Pierce. This weevil is abundant in the berries 
of Xanihoxylum clava-herculis. It is parasitized by Catolaccis 
ncNTEKi and Siqalphus cuuculionis. 


BAIANININ*. 


Balaninus nasiem Say. This weevil breeds in acorns. It is para- 
sitized by Mtiophasia ;enea and possibly by Tricfiacis rufipes. 


CALANDRINjE. 



Calandra orysa Linnaeus. Tlie cosmopolitan rice and com 
weevil (fig. 26) breeds in acorns of several species of oak, in galls of 
Phylloxera devastatrix on Hicoria pecan, in 
old cotton bolls, and in all kinds of stand- 
ing and stored grain. It is parasitized bv 
Merap&rus ealandrie, M. vandinei, M. nti- 
liUs, M. reguisitus, and Catolacccs ix- 
CERTCS. Other parasites have been re- 
ported abroad. 

15. a list op tub host plants of the 

COHOST WEEVILS. 

In order to show more plainly the num- 
ber and variety of plants whose presence around the cotton field, 
if infested by their typical weevils, would influence the parasite 
control of the boll weevil, the following list is presented, using the 
classification of Britton (1901); 


Firt.26.— The ricewecTil{Oj/andra 
oryza), a cohost of boU-weevU 
pacesites. Enlarged. (From 
Chittenden.) 


Plant. 


Triticum mtmim (wheat) . . 
ElymvA virginicv.s 

Zeu wms (corn) 

Oryza .sativa (rice). 

Juglans nigra (walnut) 

Hicoria sp. (hickory) 

Hicoria alba (hickory) 

Hicoria ■pecan (pecan) 

Qnwits spp 

Phoradendron Jlavescena 

Polygonu m peiinirylvanifium . 
Polygonum portoricense 

Polygonum punctatum 

Amaranthns retrojiexus 


Infested by— 


Calandra oryza T.. 

AnlJuibni cdtematns Say. 
jAricccrusfa^ciculatus DeG. 
{Calandra oryza L. 

CofawZra oryza. 

Conotracliclws jiiylandis Lee. 
Conotrachdus a^nrs Boh. 
Conotradtclifs elegans Say. 
Conotradielus elegants. 

I Balaninus spp. 

Conotrachelus na^o Lee. 
Calandra oryza L. 

Smicraulax tuberculatun Pierce. 
Lixiu 7nv.-!>cw.?u3 Say. 

Lixus muscidns. 

(Iaxus musculus. 

{Rhino'ncus pyrrkopiis Boh. 
Conotrackem ekgans Say. 
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Plant. 


Pfibiis villosus (blackben-y) 

Rubn^ trimalis (dewberry) 

Rnhu3 occidentalis (raspberry). . 
fragaria virginiana (strawberry). 

I'oUiftilla canadensis 

pmis! communis (pear) 

^{alus (apple) 

Cratxgu"^ mollis (baw) 

Crataigus oxyacantka 

PniniLS (plum) 

imygdalis perska (peach) 

Amygdalis persica (nectarine). . . . 
\mygdalis arvieniaca (apricot)... 
Vafkllm farnesiana (huisachc) . 

ilUnoensis 

Sfrom&ocarpus (screw-bean) 

Prosopis glaTidulosa (mesquite). . 

Cerm cai^ensis (redbud) 

obtnsifolia 

Co-wa occidentalis 

Olcditsia aqiiatica (water locust). 

GUditsia tnacanthos (locust) 

i'igna imguiculata (cowpea) — 

BapHsia bractcata 

Baptism lencanlha 

Baptisia tinctoria 

Amorpha fruticosa 

Indigofera tinctoria 

Oacca rirginiana 

fioWm'a psendacacia 

Vida sp 

Mboviia paniculata 

Phaseolas pohjstachyixs 

Phmoli^s retusus 

Phawlus 'wrightii 

Phaseolus vulgaris (bean) 

Phaseolus vulgaris 

Sirophostylus pancijlora 

Xanthoxylum clava^hercnlis 

Mia azedarach (China tree) 

Croton capitat'os 

Croton engelmanni 

Croton tejxnse 

Viiis ?pp. (grape) 

Callirrhoe digitata 

('allijrlioe involucrata 

Spliairuicea angustifolia 

Gossyjyium hirsutum (cotton). . . 


MmUelia nvda 

Opuniia (prickly pear) 

Ojmtia engelmanni 

lipilobium ep 

Gaura sp 

Onagra biennis 

16844°-Bull. 100—12 6 


Infested by — 


Ceutorhyndius sp. 

Anlhonomus signahxs Say. 
Anthonamvs signntus. 
Anthonomus signatiis. 
Anthonomiis signatns. 
Anthonomus signatus. 
Tadiyptcrellus quadrigibbus Say. 
Tackypterellus quadTigibbu^. 
j Tachypterellus quadiigibhif. 
{AiitMiiomus nebulosus Lee. 
Tachypterellus quadrigibhus Say. 
Conotrachelus ipenuphar Hhst. 
Conotrachelus nenuphar. 
Conotrachelus nenuphar. 
Conotrachelus nenunhar. 
(Hruckus) Jaria salla:i Sharp. 
Laria bisignata Horn. 

Jaria prosopis I^cc. 

Laria prosopis. 

Anthonomus signatus Say. 
Anecenisfasciculatus DeG. 
Arscccnisfascicnlatus . 
Spermopnagiis robinife Sclion. 
Spermophagus robinisc. 
Chakoaermus scricus Boh. 

Tychius sordidus L<^c. 

Tyehius sordidus. 

Apion rostrum Say. 

Zona exigua Horn. 

Arseccriis fasciculalns DeG. 
Apion scgnipcs Say. 

.Ipion mgmm Sm. 

Laria ochracea Schaedf. 

Apion decoloratum Sm. 

Apion griscum Sni. 

Ajnon griseum. 

Anion griseum. 

Cnakoderm.us senerLS Boh. 

Laria obtecta Say. 

Apion griseum Sm. 

Zygobaris xanthoxyli Pierce. 
Arxcervsfasciculatus Dietz. 
Anthononni', albopilosns Dietz. 
Anthonomus albopilosus. 
Anthonomus aibopilosus. 
iAmpeloglypter sesostris Lee. 
{Cravoniu'i inxqvalis Say. 
An^nomus fuh'us Lee. 
A7\ihonomusfuh:us, 
Macrorhoptus sphseralcicc. Pierce. 
lAiUkonortius qrandis Bob . 
Arxeems fasmcalaius DeG. 
Chalcodermus ssneiis Boh. 

[ Calandra oryza L. 

OrtAom crotchii Lee. 
Gerstxckeria nohilU Lee. 
Gerstseckeria nohilis. 

Tyhderrm foveotatum Say. 
TAinguria sp. 

Tyloderimfoveolatum Say. 
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Plant. 

Infested by— 


Auleutes ienuipes Lee. 

Arxeerus fasciculatus LeG. 
Brachytarsus altemaitis Say. 
Trichoharis trxnctata Say. 












jTrichohans trinotata. 

{Anthorwmus niffrinus Boh. 





Trichobaris trinotata Say. 




SolanuTTi lorreyi 

Solanum tuberosum (potato) * 

Capsicum annuum (pepper) 

Datura stramonium 

(Anthonomus seneolus. 
i\ Trichoharis texana Lee . 

\( Anthonomus nigrinus Boh. 
l\Tr^o6am trinotata Say. 

Anthonomus eugeniiCdLno. 

! f Trichoharis trinotata Say. 
i\7VirAo5flns compacta Casey. 

! Trichobaris trinotata S&y. 







Antho-nomus squamosus Lee. 
Anthonomus squamosus. 




Anthonomus aphanostepH Pierce. 
Desmoris scapalis Loc. 
Brachytarsus alkrnatus Say, 
Anthonomva apkanosiephi Pierce. 






Baris cuneipennis Casey. 



16. A SUMMARY OP THE MORE IMPORTANT BIOLOOICAL PACTS. 

1 . The boll weevil has 54 enemies, including parasites and predators. 

2 . These enemies are native to other insect.s which are to be found 
in the vicinity of cotton fields. 

3. The interrelationships of the boll weevil and its parasites with 
surrounding insects are very complicated. 

4. The parasites are sometimes found in great numbers. 

5. The cotton plant, by its production of nectar, furnishes a very 
powerful attraction for'parasites and predatory insects. 

6. The development of the boll-weevil parasites is as rapid as that 
of the boll weevil. 

7. Most of the parasite species are well distributed. 

8. The parasite species attack other hosts in the spring and have 
a generation before the boll weevil is ready for them. 

9. New species of parasites are becoming adapted to the weedl 
each year. 
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10. Other cotton insects, by their ravages upon the food of the 
weevil, sometimes reduce the numbers of the boll weevil itself. 

1 1 . Much valuable work is done by the ants, wliich are present in 
many fields, 

PART m. THE ECONOMIC! APPLICATION. 

The economic application of parasitic control to the boll-weevil 
problem is dependent upon accurate knowledge of a multitude of 
conditions. The preceding two parts of this bulletin have been 
devoted to a statement of the many phases of the parasite situation. 
It must be understood at the beginning of this part that we consider 
the utihzation of parasites and other insects inimical to the boll 
wooidl as intimately connected with good agriculture. The boll- 
weevil problem, from a parasite standpoint, is entirely different 
from any other parasite problem ever studied. In other cases such 
means as introductions from foreign countries may bo utilized. In 
the present case the main problem is to devise such agricultural 
practices as will increase the effectiveness of the parasites already 

to facilitate the treatment of the economic methods to be 
suggested, this part is also divided into sections, wliich are as follows : 

1. The economic principles involved. 

■J, Interpretation of parasite statistics. 

3. Interpretation of the biological complex. 

4. How to profit by existing conditions. 

5. How to plan for the greatest possible control. 

6. Propagation and artitlcial introductions. 

7. Objectionable practices. 

8. The economic significance of the investigation. 

1. THE ECONOMIC PKINCIPLES INVOLVED. 

The attempt at utilization of insect enemies in economic ento- 
mology is now receiving so much attention that the authors will 
set down the principles which appear to have been the foundation of 
the wo'rk they have done. 

1. Insects in a state of nature are more or less completely held in 
dicek by natural agencies, in wliich other insects frequently figure 
as of direct or indirect importance. Many insects are controlled 
almost entirely by their insect enemies. No insect is without its 
natural checks. 

2. The relationships between an insect and its enemies can not 
be expressed by a simple ratio, nor are they in any way invariable. 
The agencies operating for and against the ivelfare of a given species 
are so many and of such inconstant magnitude, due to the activities 


present. 
In ore 
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of other agencies, that the effects of one or two agencies of control 
with known strength can not be estimated, because of the many 
other agencies cither unkno^vn or of unknown strength. 

3. When an injurious insect escapes from its natural surroundings 
to a re^on where conditions are favorable for enormous reproduction, 
it may become a pest, but it is never absolutely free of natural checks. 
Anthononus grwndis has never been free of its checks although it 
escaped those of its native home. These agencies of insect control 
are inherent to all countries. An insect parasite is as hkely to escape 
its original surroundings as a phytophagous insect. 

4. When an insect fmds in its vicinity a variety of food closely 
related to its native host, and that food is more succulent or more 
abundant, there is a possibility that sooner or later the more inviting 
fgod will become the normal food. Tliis possibihty becomes stronger 
when the original food supply fails, it the species is to be continuetl. 
Not only phytophagous but entomophagous insects have frequently 
been proven to have thus changed their food habits — whether from 
preference or necessity it is not known. Leptinotarsa decemlinmta 
(the Colorado potato beetle) is an excellent example of tins change of 
habit among phytophagous insects. All of the boll-weevil parasites 
are examples of parasites which have adjusted their habits in the 
presence of their original hosts. 

5. A crisis in the history of a species occurs whenever the food 
supply fails. The species may either disperse in search of food, as 
the boll weevil does each autumn, or it may hibernate or aestivate, 
or it ma}^ select a new host, or the species may perish. All these 
results occur in nature. All of the.se alternatives may be chosen by 
different individuals of the same species. It is safe to assume that 
when a species is found to have many hosts that it has undergone 
many crises and that tlie resultant species is a liighly developed and 
adaptable form. .A species most limited in food habit is most liable 
to restriction or extinction and consequently of a lower type than 
one able to meet any emergency. 

6. Wlien a desirable parasite species is known to be adaptable to 
various hosts, a crisis may be artificially superinduced by the Aimely 
elimination of the favorite hosts, thus forcing the species to attack 
the most predominant near-by related liost in the vicinity, or it iua\ 
be taken to an entirely remote or foreign locality and placed near a 
field containing many insects closely related to its original host, 
wliich it may learn to thrive upon. 

7. The species most available for utilization are those most adapt- 
able to changing environments, or those having the most hosts in 
the given locahty. These other hosts will serve as nurseries for 
parasites. 
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Certain parasites with more or less establislied habits require 
tliat tlieir hosts be in certain habitual locations (for example, Ncocatu- 
laccus requires stem-dwelling hosts), and in like manner there are 
conditions which can be made more favorable for parasite attack 
tlirough cultivation or through plant selection. Furthermore, since 
parasites require different conditions, it is desirable to alter the 
existing conditions so as to make them favorable for as many species 
us possible. Tn the case of insects extending their range over manv 
different climates it should be the aim to introduce parasites best 
adapted to the prevalent conditions. 

2. INTERPBETATION OF PARASITE STATISTICS. 

From the great mass of parasite statistics given in Part I a number 
of important facts need to be considered. 

Parasitic and predatory attack is strongest from August until frost 
time. Hence it may be presumed that whatever artificial propaga- 
tion is to be done will be most profitable when conducted during this 
period, provided it does not interfere with early fall destruction of 
stalks, the fundamental cultural remedy against the boll weevil. 

The greatest control of the boll weevil by insects and also by 
all agencies is in hanging squares. As has been stated in Part I 
(sec. 3), the hanging squares are a result of a diagonal absciss layer, 
wliirh causes the drying square to fail in separating itself completely 
from the plant. These squares die on the plant and afford a very 
favorable position tor parasitic attacks upon the weevils within. 
The statistics show that insect control in fallen squares is greatest in 
the moist States of T.,ouisiana and Mississippi. This is undoubtedly 
due to some of the new parasites which are accustomed to attacking 
woodland weevils and other insects characteristic of this humid 
region. The insect control in hanging squares is the greatest in the 
comparatively dry States of Texas and Oklahoma. These dry States 
■ilso have a higher combined natural control in the fallen squares 
than in the hanging squares, largely because the climatic conditions 
cause a higher mortality of weevil stages in squares lying on the 
heated surface of the ground. On the contrary, the humid States 
have a liighcr mortality from both climatic and in.sect agencies in 
hanging squares than in fallen. Furthermore, it has been proven, in 
Parti (sec. 4), that an increase in the amount of hanging squares 
will increase the total control. Having these facts in mind, the 
obvious conclusion is that it will he desirable to have varieties of 
cotton which have thi.s tendency^ best developed. Among the varie- 
ties which are now known to retain their squares are the cluster 
varieties, including the Rublee. 
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The figures show that parasitism becomes very high under favor- 
able conditions and also that agriculture modifies the insect control 
Obviously therefore those agricultural methods which will favor the 
highest insect control must be sought. These methods, as now 
known, will be dealt with more fully in a following section. 

It was feared for a long time that the parasites of the weevil would 
be held in control by the warm climatic conditions which affect the 
boll weevil. This is not so. We have found abundant proofs of tlie 
fact that a temperature which will kill the boll-weevil larva will not 
kill the egg or small parasite larva in the same ceU, and that the 
parasites can develop to maturity on the dried remains of tlie weevil. 
The temperature fatal to the boll weevil is 123° F., a temperature 
frequently reached on a hot burning soU. We have found in several 
years that a low temperature which wnll kiU the boll-weevil larva is 
also not fatal to the parasites, for in November, 1907, when 97 per 
cent of all the boll-weevil stages were frozen, no evidence whatever 
could be found of mortality among the parasites. The minimum 
fatal temperature of the boll weevil is 12° F. 

3. INTERPRETATION OF THE BIOLOGICAL COMPLEX. 

The complicated biological factors which have been noted in Part II 
have been summarized briefly m section 16 of that part (p. 82). 
The interpretation of these facts has bepn suggested in a number of 
places throughout the second part. Hence only a few words are 
necessary at this point. 

The fact that surrounding each cotton field there arc numerous 
plants harboring weevils and their parasites is of extreme importance 
in this problem. These parasites are generally capable of attacldng 
the boll weevil under conditions of necessity or alternative clioire. 
The aim is therefore to find all the methods by which these parasites 
may be forced to leave their native hosts and attack the boll weevil 
In fact, the entire second part has been devoted to giving these facts 
in order to bring out tliis single pohit. 

4. HOW TO PROFIT BY EXISTING CONDITIONS. 

COLLECTION OE COITOH SUOAKES IN SCREENED CAGES. 

As has just been pointed out, there are conditions around the cotton 
fields which are potential of a considerable increase in the parasitic 
control of the boll weevil. Probably no other method will yield 
better results than the gathering of the cotton squares wliich are 
infested and placing them in wire-screen cages of 16 or 18 mesh to 
the inch and placing these cages in selected parts of the cotton 
fields. Tins method is not new in entomological practice. It has 
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jjeen used noth great value in the freeing of apple orchards in Europe 
from tt® apple-bud weevil (AnOionomm pymorum). The boll weevils 
can not pass through a 16-mesh or 18-mesh wire screen, while the 
parasites can do so, and therefore the release of these enemies will 
be constantly increasing the proportion of parasites against the 
(feevils. Even if a 14-mesh wire screen is used, only a small pro- 
portion of the weevils can escape through it and some gain is effected 
by the release of the parasites. In order to demonstrate numerically 
just how this would happen, three hypotheses are presented. In the 
first case squares are collected and put in a 16-mesh wire cage, and 
in the second case squares are collected and put in a 1 4-mesh wire 
cage, and in the third case no squares are collected. The average per- 
centage of control which follows as a result easily demonstrates the 
advantage which will be almost immediately gained. 

It has been contended and proven that many weevils escape 
tlirougli the ordinary wire screen. 

I.—Givm 10,000 dewhjting stages in a I-acre jkW. 

(A) Collect squares containing 50 per cent of the stages and place in IC-mesli 


screened cage .5,000 

Xoimal parasitism is 5 per cent 250 

.Ants and heat kill 40 per cent 2, 000 

Mortality 2, 250 

Breed 2,760 

There escape through lO-mesh screen— 

10 per cent weevils 275 

90 per cent parasites 225 

(B) There remain in the field squares containing 50 per cent 6, 000 

.V'lmial mortality as above, 45 per cent 2, 250 

Breed 2,750 

Some weevils e.scaped from cages 27.5 

Total weevils at end of generation 3, 025 

Parasites reared 250 

Parasites escaped from cages 225 

Parasites present in field 475 

There is 1 parasite to every 0.3 weevils, 

JI. — Given conditiom as above, squares in 14-rmsli screened cage. 

(A) From collected squares breed 2, 750 

There escape through 14-mesh screen — 

40 per cent weevils 1,100 

All parasites 250 

tB) Breed in field 2, 750 

Escaped from cages 1, 100 

Total weevils at end of generation 3, 850 
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Parasites reared 250 

Parasites escaped 250 

Parasites in field - 500 


Tliere is 1 parasite to every 7.7 weevils, 

III. — Given 10,000 developing eiages in a 1-acre field. 


No squares are collected 10, ooo 

Normal parasitism, 5 per cent 500 

Ants and heat kill 40 per cent 4, 000 

Mortality 4 500 

Breed 5,oOU 

Parasites reare<i, 500, 


There is 1 parasite to every 11 weevils. 

SUUMAKF. 



Squares not 

Squares collected and 
placed In— 


collected. 

14*me6h 
wire cage. 

16-me8h 

cage. 


5,500 

500 

3,850 

500 

3,025 



1:11 

1 

1; 7.7 

l.-6,3 



ELIMINATION OP COHOSTS. 

Another practice of undoubted value in bringing about a higher 
percentage of parasitism upon the boll weevil is the elimination of 
the cohosts of the boll-weevil parasites at proper times. To show 
what has been done in this line, the case of the Dallas farm in 1907 
may be cited. On July 19 of that year a very large hedge of weeds, 
Ambrosia trijida, infested by Lims scrobicollis was cut. These weeds 
were along tho fence adjoining a part of the cotton field which had 
been under close observation for parasites throughout 1906 and the 
spring of 1907. In 1906 there was not found in any plat on tliis 
farm a liigher parasitism than 2 per cent by Eurytoma tyloderrnaiis in 
hanging squares. Eurytoma was very numerous in the Ambrosia 
weeds next to this field, but did not appear to attack tho weevil in 
large numbers. Before the weeds were cut in 1907 the t'.vo plats 
nearest these weeds averaged 26.76 per cent and 16.79 per cent 
parasitism by Eurytoma. On August 17, about a month after tliese 
weeds were cut, the two plats just mentioned had, respectively, 37.50 
per cent and 26.66 per cent parasitism by Eurytoma. Tliis striking 
gain adjoining tho weeds was not reflected by parts of the field farther 
removed. 



HOW TO PROFIT BY EXISTIUfi CONDITIONS. 


89 


EARLY DESTRUCTION OP THE COTTON STALKS. 

There can be little doubt that the early destruction ol the cotton 
stalks, in addition to depriving the boll weevil of its food plant, will 
.jlso cause the parasites to seek a series of hosts idiich can carry them 
through the winter period. In order to prove that fall destruction 
does not have an injurious effect upon parasite control, we would cite 
tlifi discussion of the Victoria fields, in wliich various methods of fall 
destruction were carried out, as discussed in Part I, section 6. As a 
further proof the famous Olivia fall-destruction experiments may be 

considered. 

On October 1 to 10, 1906, all of the cotton plants in over 400 acres, 
constituting the entire Olivia cotton community in Callioun County, 
Tc.x., were cut and burned under the direction of Mr. J. D. Mitchell, 
^.fcording to the rearing records in our possession, the parasites 
developing in this cotton would all be mature before November 10, 
and if they hibernated, would have to do so as adults. No other 
cotton existed within 12 miles, as the community is completely iso- 
lated by water and marshland. 

Cotton was planted about March 15, 1907. On April 15 no boll- 
yvoevil work could be found, but on May 7 a single weevil was found 
after a careful examination of eight fields. On the same date at Six 
Mile settlement, across the bay near Port Lavaca, there was consider- 
able infestation. If the parasites hibernated as adults tliey would be 
dead long before the middle of June. If they could liavc hibernated 
as immature stages they would have matured by Mardi 15, and under 
normal conditions three generations would have passed by June 15. 
The infestation was still very slight in July. It must be argued, 
therefore, that any boll-weevil parasites must be breeiiing on some 
other weevil, if they did not perish. 

On August 22 , 1907, Mr. Mitchell found parasites with weevil- 
infested square.s on a field in the opposite part of the community to 
that in which he first found the weevil infestation. The obvious 
inference is that a rotation of hosts occurred during tho period of the 
boll weevil's absence. 

Having planned the cropping system, it is also best to prepare the 
fields early for cotton and plant as early as possible. Of course, most 
nf the reasons for early planting of cotton are well knoivn and the 
practice is very common, but in this connection it must he said that 
such early planting has tlio actual advantage of enabling the para- 
sites to start early. 

Care must bo given to the choice of the cotton variety which is to 
be used. Frequent recommendations have licen made of varieties 
wh light foliage, early maturing fruit, short nodes, and determinate 
growth. All of, these qualities are favorable to parasite control, 
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especially since such plants afford much more sunlight on the ground. 
The ants and also the parasites prefer much more to attack the 
squares which are dried out than moist squares. It seems that they 
can more readily penetrate the linings of the square. In addition to 
these qualities of the cotton variety, the use of a variety with at 
least a moderate amount of nectar is also advised. The reason for 
this has been explained in preceding paragraphs. Finally, the tend- 
ency of plants to retain the squares must bo again mentioned. If a 
variety can furnish the desired qualities of early producing, produc- 
tiveness, and quaUty of lint, as well as a diagonal absciss layer on the 
square, that variety should be chosen above others. 

If at all possible, it is advisable to plant the rows far apart or on 
the check-row system, in order to give the necessary amount of sun- 
light. The cultivations to follow this should be with the purpose 
of obtaining a dust mulch, for with such a mulch the surface of the 
soil may bo lieated to a much higher degree than by deep and lumpv 
cultivation, and the control of the boll weevil will thus be greatly 
increased, through the drying effect upon fallen squares. 

5. now TO PLAN FOR THE GREATEST POSSIBLE CONTROL. 

As it has been proven that many agricultural processes are favor- 
able to the development and attack of parasites and enemies, there 
can be no question but that it is desirable to plan to obtain the great- 
est amount of tliis beneficial aid. 

There are a few plants which have no objectionable qualities in 
themselves which might with good reason be planted adjacent to the 
cotton fields in order to induce the attack of weevils which act as 
hosts of the boll-weevil parasites. For instance, the presence of a 
hedge of blackberries or dewberries along the fence means the pre- 
sence of Anthorumus signaius, the blackberry bud weevil, witli its 
numerous parasites, all of wluch attack the boll weevil. The para- 
sites would be able to carry on a generation in the spring before the 
boll weevils were breeding and would mature in plenty of time to 
attack the first developing stages of the boll weevils. 

It would seem advisable to plant a hedge of the flowering slirub 
Amorpha fruticosa, which is the host plant of Laria exigua. This 
little wovil is very abundantly parasitized. 

In planning the cropping system there can be no possible harm 
in arranging to have a forage or hay crop adjacent to the cotton 
field. In case a forage crop is used, cowpoas with the ever-present 
cowpea pod weevil would undoubtedly bring about the presence 
of several important parasites. The early removal of the cowpeas 
for fodder would force the parasites to attack the boll weevil. In 
the case of a hay field, the process of haying and subsequent curing 
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flouW enable the parasites present in the various weeds to escape 
■lud attack the most abundant host, namely, the boll weevil. 

jf mth all these precautions, the boll weevils are very numerous 
in the field, and the o.xpense is not too great, much can bo gained by 
picking the squares and placing them in cages, as ha-s been described 
ill a previous section. 

Finally, at the proper season for haying, the actual methods of 
lutting and preparing the hay will Avithout doubt fumisli still greater 
control to the weevil. Some time in September, if not before, whether 
having is carried on or not, there should bo a thorough cutting of all 
eeds around the cotton field in order to force the parasites to the 
oil weevil and also to get rid of favorable hibemation quartern for 
lie boll weevil. 

6. PROPAGATION AND ARTIFICIAL INTRODUCTIONS. 

The propagation of parasites under artificial conditions and their 
atroduction are attended with a great amount of labor and expense 
iid have many technical difficulties. The simplest form of propaga- 
ion is the collection of infested squares at one locality and the ship- 
nent of them to another locality, wlicro they are placed in the field 
0 await results. There are good reasons for attempting thus to 
iitroduce parasites. It has been found by very close observations 
hat the parasites are not evenly distributed, but that each species 
ms a more or less definitely defined geographical region. This is 
10 doubt due to the distribution of the normal liost weevils. The 
nurposes of introduction are to take these parasites from their native 
localities and place them in geographical regions in wliich they do 
not at present exist. Definite proofs that results can be obtained 
in this manner w'ere to be had at Dallas on the experimental farm in 
1900 and also in 1907. The 1906 experiment has been fully described 
in the first report on the parasites of the boll weevil (Pierce, 1908a). 
In 1907 a similar experiment was tried by the release of large numbers 
of adult parasites. Those parasites were carried to a field in small 
screen cages containing foliage, so that the parasites might not become 
overheated. The cages were opened in the shade, and the parasites 
allowed to fly out in any direction which they pleased. While many 
species of parasites were released in this manner, they did not all 
show the results that were expected, but the rclea.so of Catolaccus 
iricertus in a given part of the field accomplished an increase in the 
control in hanging squares by this species. In two other parts of the 
Wd Mierolracoti mellitor was released, and it also showed good gains. 
■hsMiciobraoon was released on this farm both in 1906 and 1907,itmay 
W useful to compare the percentages of parasitism at various periods, 
k August, 1906, this species furnished 8.5 per cent parasitism in hang- 
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ing squares; in September, 1906, this had risen to 10.2 per cent- in 
July, 1907, the parasitism by this species was 35.2 per cent, and in 
August, 1907, it had risen to 39.8 per cent. 

At Shreveport, La., in 1908, many specimens of Catolaccus incerim 
and Microhracon meUitor were released. Table XXII gives an idea of 
the results and shows the expected increase by Catolaccus in botli 
hanging and fallen squares and by Microhracon in hanging squares. 


Table XXII. — Experiment in artijicial introduction of Catoheem incertm and 
Microbracon Tndlitor, Shreveport, La., 1908. 





Pereeotage of mortdity. 

Gain in mortality. 

Claaa of forms. 

i 

Plat. 

Date. 

Total. 

Para- 

sites. 

Cato- 

lacciis. 

Micro 

braoon. 

, Total 
para- 
sites. 

Cato- 

laccus. 

1 Micro- 
:bracon. 

Fallen fiqnares 

Release. .. 

Odk 5 

36.44 

5.93 

4.23 i 

1.70 

Per cent, 

Per cent! 
1 

.■Pct cent. 

Do 

Do 

...do 

Check 

OcL 28 
Oct 5 

37.90 

40.00 

U.7i 
10.50 ! 

10.80 ' 
5.55 ! 

2. 16 
3. 70 

166 

150 

1 ^ 

Do 

Hanging sqnarffs... 


...do 

Releaae. .. 

i Oct. 28 
Oct. 6 

42. 33 
47.15 

16.00 

9.90 

8.00 

4.39 

6. 00 
3, 29 

52 ■ 

44 

30 

...do. 1 

1 

Oct. 29 : 

04.86 

37.84 

10.81 

18.91 

282 

US 

; 477 


RELEASE CAGES. 


In order to obtain satisfactory results from the release of infested 
material, it is necessary to place the material in cages from which 
the injurious weevils can not escape but which will stiU allow tlie 
parasites egrass. This principle has been explained in other sections. 
There is also another important consideration in the construction of 
the cages. When a large amount of material such as this is collected 
in a small space it furnishes great inducements to attack by colonies 
of ants. The only way that the material can be protected from total 
destruction by ants is the isolation of the cage on legs by the usi of 
"inverted cups” containing oil, or by greasing the legs in some 
manner. 

TRANSFER OP ANT COLONIES. 

Since the work of ants is always very favorable to control, nieaiis 
should be devised of increasing their uumbeis in the cotton field. 
The dust-mulch method of cultivation is very favorable to the ants 
far that it does not disturb their colonies after they have commend'd 
breeding. This is a very important matter to consider. The late 
Mr. F. C. Pratt, in working rvith the horn fly (Lyperosia imtaiis 
L.) discovered that fresh manure containing numerous fly Inrv.T 
is very attractive to Solenopsis, and that these ants seem to trans- 
fer their whole colony at times to the manure. Mr. Wilmon Newell, 
in connection with the Argentine ant investigations, at a later 
date, found that he could trap immense colonies of the Argentine 



OBJECTIONABLE PBACTICES. gg 

ant [IMmnyrmex lumilis) by means of hov„= 

These observations are very simgeative for tl, manure, 

bility that colonies of ants can be obta'incl by 'placli wf'® 
in boxes near ant colonies. When sufficien/o^ fresh manure 

, u b«x.d .p ,0, 

pploni., CPU b. W.^,, Mi,, „„ij Jp,““ ”“™ 
7. OBJECTIO.VABLE PRACl'ICES. 

.an!;;iT ^ the 

al,o been found objectionaWe C n orT f which have 

m,en the cotton is Planted closely on mokt 

|,1.,S nooJ pl.nt, P, Prtcr l.I prod.c, fruit FiS?L*” 

tioM to determine the mortalitv of -i r min examina- 

have always shown that the 

field where the foliage is lightest \ not^Kl . ^ 

.Viitchez, Mks., wheie in a Se ficil i. 

One spot seems to have been used L feSw caltTe 

fertile. On this spot the cotton grew 6 or 8 feet t» ? e, 

was densely shaded. Here the mortalitv of n the ground 

and there was scarcely any onTo tfin 

from this was a thin piecTorv .mn,r i f 

feet high, hui s; >r li:;^ 

er.ll, in f.v., rrX 'S"‘'‘'‘“ 

*j”r,rbZ 

- „,upZE:tr7is- :e: 

- b. found „,b ,b inuEuSur” • 

-».sir ir* *vr,7 7 '*** Z"' “ - »< 

""llifringthe glTSd.? almost 

“re d'oinv nothin They 

rtentheybulnthcsTruarcs ""T/^“ destroying their best friends 
similar to those presented fn 871 ' Proven by an hypothesis 

“gtlre infested squires ^ ‘he value of collect- 



94 


INSECT ENEMIES OF THE BOLL WEEVIL. 


Given 10,000 developing alages of the boll weevil in a 1-acre field. 

(A) Collect and bum squares contalrui^ 50 per cent of the stages 

This destroys all paraailea aa well as weevils. 

(B) There remain in the field squares containing 50 per cent of the stages 


present qqq 

Normal parasitism 5 per cent 250 

Ants and heat kill 40 per cent 2, 000 

Mortality 2,250 

Wee^dls to breed 2 750 


Parasites present in field, 250. 

There is 1 parasite to every 11 weevils. 

This method undoubtedly greatly reduces the total number of 
weevils in the field, but, as can be readily seen, the proportion of 
parasites to weevils is the same as if nothing had been done — nanielv 
1 to 11. It was shown that by placing the squares in 16-mesh wire 
cages the proportion would be 1 to 6.3. Hence it appears that bv the 
caging method the planter leaves in his field a more active agency 
than he had before to attack the many weevil stages he has undoubt- 
edly missed, whereas by the burning method he has not in the least 
improved his field conditions. 

8. THE ECONOMIC SIGNIFICANCE OF THE INVESTIGATION. 

In final summary the following points are emphasized: 

I. The control of the holl weevil hj insect enemies. is suffidenthi gmi 
to give it a high rank in the struggle against the pest. A consideralih 
portion of the insect control would not he accomplished hy any otkf 
factor; hence it is hij no means to he neglected. 

The number of species of insects attackmg the developing stages 
is 49. 

The control in any given place consists of the combined work of 
several different species. 

Places having the largest number of controlling insects have the 
highest percentage of control. 

In many places insect control is considerably greater than climntic 
control or than any other class of factors. 

The average insect control is 20 per cent of all immature stages er 
two-fifths of the entire natural control. 

The cotton leaf-worm is a valuable enemy of the boll weevil when 
it defoliates the cotton after September 1, a date beyond which iieiv 
squares can not be expected to mature. It kills many weevils by 
starvation, kills many others while consuming the squares, and 
finally forces a premature hibernation which is generally fatal. 
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II. The amount of control due to the mrwus factors at work in any 
given place should le increased if possible. Parasites can be introduced 

into new fields. 

In order to prevent serious injury to cotton, the mortality of the 
weevil should be above 90 per cent. It has averaged over 57 per cent 
for four years and has reached almost 100 per cent several times. 

While climatic influences occasionally bring the control above 90 
per cent, they can not be regulated or in any way directly utilized. 

Although the insect enemies present at a given place may be 
accomplishing the greatest amount of work possible, the fact remains 
that it other species of enemies are introduced and become estab- 
lished the control can be increased. 

Since certain parasites attack the weevil preferably in dry locations 
and others in wet locations, and since some prefer to attack the 
infested forms on the plant, while others seek them on the ground, 
it is possible to select the insect agencies so as to obtain the least 
amount of lost or duplicated eneigy. 

III. The parasites and predators which attack the loU weevil are 
fiative insects, already present in a given territory before the weevil 
arrives. 

The predators, especially ants, will attack almost any kind of 
insect food. The parasites in nearly all cases are capable of attack- 
ing almost any kind of weevil breeding in herbs above ground or in 
fruits. 

T'he parasites have proven their ability to adjust themselves to 
the boll weevil by attacking it in its first generation in newly infested 
territory in instances where the actual sources of the parasites were 
demonstrable. 

The weeds surrounding the cotton fields contain many weevils 
which are harboring multitudes of available parasites. These para- 
sites may be induced to attack the boll weevil by the timely elimina- 
tion of their native hosts. 

This leads to the recommendation that phnlers cut the weeds adjoin- 
ing the cotton fields, along the roadsides, tumrows, and fences about the 
time of the maturing of the crop. 

It also leads to the recommendation that afield adjoining the cotton 
k used as a pasture or hay field, and that this field be. mowed early in 
the fall. The usual haying will also bring about the same result— 
namely, the elimination of other plants harboring weevils which 
attract the parasites needed in the cotton patch. 

It is advisable to have in the vicinity of the cotton field such plants 
as the dewberry, Croton, Amorpha, cowpeas, etc., which contain other 
bosts of the boll- weevil parasites. 
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IV. The cullural methods of controlling (he cotton hoU weevil are the 
most favorable methods of cotton culture from the parasitic standpoint. 

The tendency of the principal boll-weevil parasites to prefer light 
and heat leads immediately to a long series of recommendations. 

Heat on the ground is essential for the climatic control of the 
weevil and also for parasitic control. Although the two factors 
overlap, each accomplishes considerable independent control. 

A heated condition of the ground may be accomplished by planting 
(he rows far apart, by check-row planting, by fat cultivation, or hj 
planting varieties which have short limbs, or shed their foliage early, or 
have small leaves. 

Fall destruction of the cotton plants cuts off the parasites from 
breeding on the weevil but sends them to other hosts upon which 
they can breed a winter generation, or pass hibernation, thus gaining 
not only a generation on the weevil but providing for themselves 
during the winter. 

The early planting of cotton in the spring makes it possible for the 
earliest parasites to attack the weevil. 

V. The tendency to retain infested fruit, which is displayed by 
certain varieties, is worth consideration. 

The fact that many mare parasites are reared in hanging squares then 
in fallen squares makes it desirable in humid regions to have many oj' 
the hanging squares in afield in order to serve as a nursery of parasites 
for the weevils in the fallen squares. 

Varieties which show an elongate diagonal connection between 
the square and stem will tend to have an imperfect absciss layc 
formed. Prominent in this class are the cluster boll varieties ol 
cotton. It is recommended that search be made for such a variety as 
will retain its infested forms and at the same time fulfill the other require- 
ments in the making of a good crop. 

VI. Any step which will diminisli the number of weevils and not 
diminish the number of parasites in a field will of course increase the 
percentage of parasites present. 

The mast important step of (his kind is the collection of infested squares 
and placing them in cages with a screen through which the weevils can rwt 
escape but the parasites can. 

Ant colonies may be introduced into the fields in boxes of fresh 
manure. 

If squares are collected, they should not be burned, but should be pkee 
in screened cages. 
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